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THE  EFFECTS  OF  TARGET  ORIENTATION  ON  THE 
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by 

Craig  A.  Croxton 
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(ABSTRACT) 

Much  research  has  been  accomplished  on  the  effects  of 
target  motion  on  visual  acuity.  Research  has  also  been 
acconplished  on  the  effects  of  target  orientation  on  visual 
acuity.  The  contrast  sensitivity  function  (CSF)  also  has 
been  studied  as  a  predictor  of  visual  performance  imder 
(^mamic  conditions.  However,  no  previous  studies  have 
combined  these  areas  of  research  and  examined  the  effect  of 
target  orientation  on  the  DY^iaitiic  Contrast  Sensitivity 
Function  (DCSF) . 

This  study  examined  the  effects  of  target  orientation  on 
the  DCSF  and  found  that  diagonal  lines  (relative  to  vertical 
lines)  decreased  the  DCSF,  on  average  over  19%.  Previous 
research  indicated  that  target  motion  reduces  contrast 
sensitivity,  and  at  the  same  time  shifts  the  peak  of  the  CSF 
toward  lower  spatial  frequencies.  This  study  rotated  the 
target  in  a  circular  path  (velocities  of  22°,  30^,  and 
390/second)  and  found  a  similar  decrement  and  shift  in  the 


CSF. 


The  main  effects  for  Target  Orientation,  Velocity,  and 
Spatial  Frequency  and  their  two-way  interactions  were  all 
statistically  significant  (p  ^  .05) .  Additionally,  all 
velocity  conditions  were  found  to  be  statistically  different 
from  each  other.  These  results  advance  the  validity  of  our 
measurement  device  and  procedures. 

The  effect  of  target  orientation  presumably  is  a 
function  of  the  magnocellular  and  parvocellular  visual 
pathway  systems  and  their  roles  in  the  detection  of  form  and 
motion.  While  the  magnocellular  system  is  primarily 
responsible  for  detection  of  motion  and  large  objects,  the 
parvocellular  system  is  responsible  for  the  detection  of 
color  and  fine  detail. 
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Introduction 


Static  visual  acuity  (SVA) 

Static  visual  acuity  is  the  ability  to  resolve  detail  in 
a  stationary  stinvulus  (Scialfa,  et  al.,  1988).  Traditional 
tests  of  visual  acuity  (Snellen  and  Sloane  letters,  tumbling 
E's,  Landolt  C's,  or  the  checkerboard  pattern  of  the  Bausch 
and  Lomb  Ortho-Rater)  incorporate  static,  high  contrast,  and 
high  spatial  frequency  targets  with  a  static  observer.  These 
acuity  tests  are  effective  in  determining  the  correction  for 
the  eye's  refractive  error.  The  smallest  figure  a  person 
with  standard  visual  acuity  can  resolve,  at  a  viewing 
distance  of  20  ft.,  is  one  that  subtends  one  minute  of  arc  on 
the  retina  (Riggs,  1965) . 

Dynamic  visual  acuity  (DVA) 

Dynamic  visual  acuity  is  the  ability  to  discriminate 
detail  in  an  object  when  relative  movement  exists  between  the 
observer  and  the  object  (Miller  &  Ludvigh,  1962;  Reading, 
1972a) .  Very  few  real  world  seeing  tasks  involve  stationary 
observers  or  targets.  For  exanple,  many  of  our  every-day 
activities,  such  as  walking,  running,  and  jogging  induce 
angular  accelerations  of  the  head.  These  c^mamic  conditions 
require  oculomotor  compensation  to  stabilize  the  observed 
image  on  the  retina  (Benson  &  Barnes,  1978) . 

Reading  (1972a)  found  no  statistically  significant 
correlations  between  static  and  dynamic  visual  acuity. 
However,  Burg  (1966)  found  high  intercorrelations  between 
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static  and  dynamic  visual  acuity.  The  magnitude  of  these 
correlations  decreased  as  target  velocity  increased  (r  = 

.673,  .598,  .541,  .499,  .350;  for  static,  60,  90,  120,  and 
150O/sec.,  respectively). 

Weissman  and  Freeburne  (1965)  also  reported  significant 
correlations  between  static  and  dynamic  visual  acuity  up  to 
target  speeds  of  120°/sec.  But,  at  the  two  fastest  target 
velocities  (150<^/sec.  and  ISO^/sec)  the  correlations  were 
statistically  nonsignificant. 

Using  factor  analysis,  Scialfa,  et  al .  (1988)  also  found 
a  significant  correlation  (r  =  .52)  between  static  and 
dynamic  visual  sensitivity.  They  pointed  out  that  only  25% 
of  the  variance  in  dynamic  sensitivity  can  be  accounted  for 
by  static  sensitivity.  Scialfa,  et  al.  believe  this  figure 
is  not  larger  because  DVA  is  limited  in  part  by  visual 
pursuit  accuracy  while  SVA  is  not.  Brown  (1972c)  has 
provided  evidence  for  this.  Much  of  the  variance  remains 
unaccounted  for  because  SVA  does  not  predict  pursuit 
accuracy.  These  data  contributed  to  Prestrude's  (1987) 
belief  that  traditional  measures  of  visual  acuity  do  not 
address  visual  acuity  under  dynamic  conditions . 

The  general  consensus  anrang  the  DVA  research  is  that 
target  angular  velocity  is  negatively  correlated  with  the 
size  of  the  target's  smallest  resolvable  detail,  or  as  target 
velocity  increases,  the  minimum  resolvable  detail  increases 
in  size  (Burg,  1966;  Ludvigh  &  Miller,  1958;  Miller,  1958; 
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Reading,  1972a;  Weissman  &  Freeburne,  1965) .  Ludvigh  & 
Miller  (1958)  determined  the  equation  Y  =  a+bx^  best 
described  the  shape  of  the  DVA  function  for  horizontal 
movement;  where  Y  =  visual  acuity  in  minutes  of  arc,  a  =  the 
predicted  value  of  static  visual  acuity  in  minutes  of  arc,  b 
=  the  c^Tiamic  acuity  coniponent,  and  x  =  target  angular 
velocity  in  degrees  per  second  (see  Figure  1) . 


Insert  Figure  1  about  here 


Miller  &  Ludvigh  (1962)  found  that  target  angular 
velocities  less  than  AO^/sec.  had  little  effect  on  acuity, 
while  velocities  greater  than  or  equal  to  50O/sec.  degraded 
acuity.  Miller  &  Ludvigh  (1962)  and  Morrison  (1980)  also 
reviewed  studies  using  vertical  and  circular  target  movement; 
and  those  using  observer  movement  relative  to  the  target . 

They  found  DVA  was  most  resistant  to  velocity  effects  with 
vertical  movement  and  least  resistant  with  circular  movement. 
But,  the  general  shape  of  the  function  between  target  angular 
velocity  and  the  smallest  resolvable  detail  remained  similar 
for  all  three  target  motions.  Additionally,  there  were  no 
significant  differences  between  observer  movement  (with  a 
stationary  target)  versus  target  movement  (with  a  stationary 
observer) . 

Miller  (1958)  also  found  subjects  with  superior  DVA 
(velocity  resistant  subjects)  maintained  this  superiority 
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(when  coirpared  to  velocity  susceptible  subjects)  regardless 
of  the  type  of  target  motion.  This  supports  the  notion  that 
DVA  depends  upon  the  entire  oculomotor  pursuit  mechanism  and 
not  upon  the  strength  of  individual  muscles . 

Oculomotor  pursuit  mechanism 

The  deterioration  of  visual  acuity  during  pursuit 
tracking  results  from  erratic  eye  movements  that  cause 
unstable  images  on  the  retina  (Miller  &  Ludvigh,  1962) .  The 
basic  premise  is  that  the  oculomotor  pursuit  mechanism  is 
only  able  to  maintain  a  stable  target  image  on  the  fovea  up 
to  a  certain  target  velocity.  At  velocities  greater  than 
this,  degradation  in  pursuit  tracking  occurs,  stabilization 
of  the  image  on  the  fovea  degrades,  and  visual  acuity 
decreases.  This  hypothesis  is  supported  by  studies  measuring 
precise  eye  movements  during  pursuit  tracking  (Brown,  1972a, 
1972c;  Reading,  1972a,  1972b) .  Reading  (1972b)  found  the 
eye's  response  latency  is  about  200ms  with  target  velocities 
below  40O/sec.  This  latency  is  followed  by  a  high  velocity 
saccade  which  fixates  the  retinal  target  image  upon  the 
fovea.  A  smooth  pursuit  movement  follows  this  saccade  and 
the  image  remains  stabilized  on  the  fovea.  Resolution  [image 
perception]  takes  place  during  this  smooth  pursuit  phase 
(Crawford,  1960) .  If  the  initial  saccade  does  not  achieve 
fixation,  then  increases  in  subsequent  saccades  and  pursuit 
velocities  will  occur  (Brown,  1972c ;  Reading,  1972b) .  This 
process  will  repeat,  attenpting  to  reach  fixation.  This 
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effectively  reduces  the  eye/target  velocity  mismatch,  but 
fixation  may  still  never  be  reached  at  the  higher  velocities. 

The  precise  value  of  the  target  velocity  where  pursuit 
tracking  breaks  down  is  in  contention.  In  their  review  of 
DVA  research  reports,  Miller  and  Ludvigh  (1962)  and  Morrison 
(1980),  found  no  degradation  of  acuity  with  target  velocities 
up  to  40O/sec;  while  target  velocities  of  SO^/sec.  did 
degrade  visual  acuity.  Reading  (1972b)  found  no  degradation 
of  acuity  with  target  velocities  of  220/sec  and  430/sec; 
while  target  velocities  above  60-70O/sec.  degraded  visual 
acuity. 

Brown  (1972c)  found  that  target  velocities  greater  than 
25-30O/sec.  could  not  be  sitKiothly  tracked.  Long  and  Homolka 
(1992)  also  found  a  decrement  in  DVA  at  target  velocities  as 
low  as  30O/sec.  It  is  important  to  note  that  the  reviews  by 
Miller  and  Ludvigh  (1962),  and  Morrison  (1980),  and  Reading's 
study  (1972b)  allowed  binocular  pursuit  while  Brown  (1972c) 
and  Long  &  Homolka  (1992)  used  im^nocular  pursuit.  This 
procedural  difference  may  accoiant  for  the  differences  in  the 
critical  velocities  reported  at  which  the  pursuit  mechanism 
was  no  longer  able  to  stabilize  the  target  image  on  the 
fovea . 

Olesko  (1992)  found  that  target  velocities  as  low  as 
250/sec.  decreased  contrast  sensitivity.  His  subjects  were 
required  to  binocularly  track  a  target  moving  in  an  arcing 
(circular)  path.  Scialfa  et  al.  (1988)  points  out  that 
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rotary  pursuit  may  be  the  most  demanding  and  therefore 
difficult  type  of  ocular  pursuit.  This  procedural  difference 
may  explain  why  Olesko  obtained  differences  in  visual 
sensitivity  at  velocities  as  low  as  250/sec.. 

The  human  eye-brain  system  obtains  the  information 
necessary  for  pursuit  tracking  during  the  fixation  and  the 
pursuit  states  (Reading,  1972b) .  During  the  fixation  state 
(the  time  prior  to  the  first  saccadic  eye  movement), 
information  about  the  angular  velocity  of  the  object  is 
evaluated.  During  the  pursuit  state  (while  the  eye  is 
tracking  the  object) ,  differences  between  the  angular 
velocities  of  the  eye  and  target  are  evaluated.  The  saccadic 
system  attenpts  to  correct  any  remaining  »rror  between  the 
target  and  fovea  (Reading,  1972b) .  The  output  of  the  pursuit 
control  system  also  may  depend  on  feedback  of  acuity 
information.  The  finer  the  target's  detail,  the  more  accurate 
the  acuity  feedback  information,  and  therefore,  the  more 
accurate  the  corrections  for  pursuit  tracking  (Reading, 

1972b) .  This  may  explain  why  the  eye  velocities  and  target 
velocities  matches  found  (100®/sec.)  by  Atkin  (1969)  far 
exceeded  the  matches  found  (30O/sec.)  by  Westheimer  (1954). 
Atkin  used  a  complex  target  while  Westheimer  used  a  non- 
complex  target  (a  spot  of  white  light) . 

While  SVA  is  determined  mainly  by  the  resolving  power  of 
the  eye,  DVA  demands  much  more  of  the  oculomotor  system 
(Hoffman,  Rouse,  &  Ryan,  1981) .  Every-day  tasks  require  the 
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oculomotor  system  to  operate  at  a  high  degree  of  efficiency. 
Hoffman  believes  many  every-day  tasks  require  visual 
resolutions  during  velocities  of  lOQO/sec.  or  more.  For 
example,  a  30  itph  automobile  produces  a  peak  angular  velocity 
of  840/sec.  when  passing  perpendicular  to  line  of  sight  30 
ft.  away  (Hoffman  et  al.,  1981). 

HbY. -Study  PVA 

Long  and  Penn  (1987)  support  the  increased  use  ^ 
assessment  testing  in  the  areas  of  flying  and  driving  Jhis 
support  is  based  on  two  basic  findings.  First,  numerous 
studies  show  that  individuals  with  identical  SVA  often  have 
very  different  DVA  (Burg,  1966;  Burg,  1971;  Long  &  Penn; 
Ludvigh  &  Miller,  1958;  Reading,  1972a) .  Second,  Long  and 
Penn  cited  studies  demonstrating  that  DVA  exceeds  SVA  as  a 
predictor  in  tasks  such  as  flying,  driving,  and  athletics. 

For  exanple,  the  DVA  of  pilots  contributes  more  to  their 
performance  on  various  flying  tasks  (instrument  reading, 
night  flying,  and  formation  flying)  than  does  their  SVA 
(DeKlerk,  Eemst,  &  Hoogerheide,  1964)  .  Prestrude  (1987) 
also  suggested  that  DVA  should  be  a  significant  factor  in  the 
safe  and  efficient  operation  of  aircraft.  Burg  (1971) 
compared  driving  records  (accidents  and  convictions  for 
traffic  citations)  with  a  battery  of  vision  tests  (DVA,  SVA, 
lateral  visual  field,  lateral  phoria,  low- illumination 
vision,  glare  recovery,  and  sighting  dominance) .  In  this 
battery.  Burg  found  that  DVA  is  the  most  closely  related  to 
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driving  record.  Falkowitz  and  Mendel  (1977)  found  DVA  to  be 
positively  correlated  with  the  batting  averages  of  Little 
Leaguers,  while  Sanderson  and  Whiting  (1974)  found  DVA  to  be 
positively  correlated  with  the  ability  to  catch  a  ball. 

Reading  (1972a)  pointed  out  that  good  SVA  becomes  a 
necessary,  but  not  sufficient  condition  for  good  dynamic 
acuity.  The  studies  presented  above  show  that  SVA  tests  may 
be  inadequate  as  screening  devices  when  used  to  assess  taslcs 
involving  DVA. 

Gonttast  Sensitivity 

The  ability  of  humans  and  animals  to  perceive  the 
details  of  a  scene  is  largely  determined  by  the  size  and 
contrast  of  the  scene  (Campbell  &  Maffei,  1974;  Canpbell  & 
Robson,  1968) .  Traditional  vision  measurements  test  the 
eye's  ability  to  resolve  fine  detail  with  high  contrast  and 
high  spatial  frequencies  (small)  targets.  However,  contrast 
sensitivity  measurements  typically  measure  the  ability  to 
detect  contrast  across  the  full  range  of  spatial  frequencies 
(target  sizes) . 

Sine  wave  gratings  are  used  to  examine  visual 
sensitivity  because  they  have  the  characteristics  of 
contrast,  frequency  and  phase  (Committee  on  Vision,  1985) . 
Additionally,  through  a  process  of  Fourier  transforms,  any 
visual  scene  can  be  approximated  by  a  combination  of  sine 
wave  patterns  (Campbell  &  Robson,  1968;  Ginsburg,  Evans, 
Sekuler,  &  Harp,  1982) . 
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The  term  sine  wave  grating  is  descriptive  because  the 
transition  from  light  to  dark  bars  is  regular,  consistent, 
and  follows  a  sine  wave  fxinction.  The  contrast  of  the  sine 
wave  grating  is  defined  as,  Lmav  ~  l<min  /  imax  +  Imin*  where 
"L"  is  the  luminance  of  the  sine  wave  grating.  This  value 
may  range  from  0.0  to  1.0.  Spatial  frequency  is  the  number 
of  complete  light/dark  cycles  that  subtend  one  degree  of 
visual  angle;  expressed  as  cycles  per  degree  (cpd) .  The 
upper  limit  of  human  detection  is  at  60  cpd;  while  the  lower 
limit  becomes  difficult  to  quantify  because  of  practical 
limits  of  display  size  (Committee  on  Vision,  1985) . 

Contrast  sensitivity,  (the  reciprocal  of  contrast 
threshold) ,  is  the  minimum  contrast  at  which  one  can 
distinguish  a  grating  from  a  xiniform  field  (Committee  on 
Vision,  1985) .  The  contrast  sensitivity  function  (CSF)  is 
constructed  by  measuring  the  contrast  sensitivity  for  a  range 
of  spatial  frequencies.  According  to  Campbell  and  Maffei 
(1974),  our  peak  sensitivity  for  the  CSF  is  around  the  3  cpd. 
However,  recent  studies  using  enpirically  measured  contrast 
slides  have  placed  the  maximum  sensitivity  in  the  5-8  cpd 
range  (Adams,  1992;  Olesko,  1992;  Prestrude  &  Olesko,  1991) . 
Why  Study  the  CSF? 

The  CSF  provides  us  with  information  about  one's  visual 
ability  that  is  absent  in  standard  measures  of  visual  acuity. 
Ginsburg,  et  al.  (1982)  found  that  the  CSF  was  better  than 
visual  acuity  for  predicting  a  pilot ' s  ability  to  detect 
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small,  semi-isolated  targets  on  the  ground.  They  found  a 
reliable  correlation  (r  =  .83;  p  <  .01)  between  the  peak 
region  of  photopic  contrast  sensitivity  and  slant  range 
detection.  Also,  they  did  not  find  a  reliable  correlation  (r 
=  -.13)  between  photopic  acuity  and  slant  range  detection. 

In  this  study,  pilots  in  the  simulator  were  required  to  land 
on  a  runway  under  differing  visual  condition.  On  random 
trials,  an  aircraft  was  presented  on  the  runway  and  the  pilot 
was  required  to  press  a  button  at  the  first  detection  of  the 
MIG.  The  line  of  sight  distance  at  button  press  was  the 
recorded  slant  range. 

In  a  field  experiment  conducted  by  Ginsburg,  Easterly, 
and  Evans  (1983),  pilots  (seated  perpendicular  to  the  flight 
path  of  the  incoming  aircraft)  were  required  to  flip  a 
response  switch  upon  detection  of  an  approaching  aircraft. 

The  distance  at  detection  was  recorded  for  analysis.  A 
significant  correlation  between  detection  range  and  the  CSF 
was  found  in  eight  of  the  ten  trials.  But,  only  three  of  the 
ten  trials  found  significant  correlations  between  detection 
range  and  Snellen  visual  acuity.  By  examining  specific 
pilots'  CSFs  more  closely,  they  were  able  to  better 
illustrate  the  advantage  of  CSF  over  the  Snellen  test.  Two 
pilots  with  equal  Snellen  acuity  (20/15)  had  very  different 
CSF  at  4  and  8  cpd.  The  pilot  with  the  superior  CSF  (by 
factors  of  1.7  and  2.4  times)  detected  aircraft  1.57  miles 
further  away.  Also,  the  pilot  with  the  best  Snellen  acuity 
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(20/10)  did  more  poorly  then  a  pilot  with  a  superior  CSF.  In 
this  case,  the  pilot  with  the  superior  CSF  (by  a  factor  of 
1.9)  still  detected  aircraft  945  ft  sooner  than  the  20/10 
pilot.  These  results  led  Ginsburg,  et  al. (1983)  to  conclude 
that  contrast  sensitivity  is  a  better  predictor  of  target 
detection  distance  than  visual  acuity. 

In  a  different  study,  Hutton,  Morris,  Elias,  Varma  and 
Poston  (1991)  fovind  many  Parkinson's  disease  (PD)  patients 
complained  of  poor  vision  even  thought  they  had  no  ocular 
disease  and  normal  visual  acuity  (as  measured  by  standard 
testing)  .  Upon  further  examinations,  they  foiand  that  CSF  was 
reduced  in  Stage  II  or  greater  (Stages  III  -  V)  PD  patients. 
They  also  found  a  correlation  between  CSF  and  PD  severity: 
as  PD  severity  progressed  beyond  Stage  I,  the  CSF  also 
decreased. 

Hoehn  and  Yahr's  (1967)  five  stages  (I-V)  of  PD,  were 
based  on  the  patient's  level  of  clinical  disability.  Stage 
I,  II,  and  III  PD  patients  are  only  minimally  disabled,  while 
stage  IV  and  V  patients  are  severely  disabled.  Stage  I  has 
unilateral  involvement  while  Stage  II  has  bilateral  or 
midline  involvement.  During  Stage  III,  the  first  signs  of 
impaired  righting  reflexes  manifests  itself.  With  Stage  IV 
PD,  the  patient  an  still  walk  and  stand  unassisted,  but  is 
markedly  incapacitated.  Stage  V  patients  are  confined  to  bed 
or  wheelchair  \inless  aided. 


The  superiority  in  detecting  vertically  or  horizontally 
oriented  visual  stimuli  over  diagonally  (obliquely)  oriented 
stimuli  is  the  oblique  effect  (^pelle,  1972)  .  This 
superiority  in  visual  acuity  is  present  in  many  different 
species  (see  Appelle,  1972)  and  may  appear  as  early  as  6 
weeks  in  the  human  (Braddick,  Wattam-Bell,  &  Atkinson,  1986; 
Leehey,  Moskowitz-Cook,  Brill,  &  Held,  1975)  .  An  interesting 
study  by  Annis  and  Frost  (1973),  raised  the  possibility  that 
a  developmental  perspective  might  accoimt  for  the  oblique 
effect.  They  found  the  Cree  Indians  were  not  significantly 
effected  by  the  grating  orientations  (horizontal,  vertical, 
or  oblique)  while  the  Euro-Canadians  were.  They  believe  the 
acuity  differences  can  be  explained  in  that  the  orientation- 
specific  detectors  in  humans  are  tuned  by  early  visual 
experiences.  Because  the  Cree  are  raised  in  a  heterogeneous 
visual  environment  (a  summer  cook  tent  or  winter  lodge) ,  they 
receive  less  exposure  to  vertical  and  horizontal  stimuli  than 
the  Euro-Canadian  subjects  (raised  in  a  carpentered 
environment) .  This  difference  in  exposure  to  contour 
orientations  in  the  early  visual  environment  may  account  for 
differences  in  visual  acuity  in  later  life. 

One  method  used  to  determine  the  presence  of  the  oblique 
effect  involves  measuring  the  visual  evoked  potentials  (VEP) . 
The  VEP  is  a  summed  cortical  response  resulting  from  a 
tenporal  change  in  some  characteristic  (e.g.  intensity)  of 
the  visual  stimulus  iitpinging  on  the  eye  (Dobson  &  Teller, 
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1978)  .  This  basic  experimental  paradigm  compares  the  VEP  of 
a  horizontal  or  vertical  grating  to  that  of  an  oblique 
grating.  If  the  VEP  of  the  horizontal  or  vertical  grating  is 
greater  than  that  of  the  oblique  grating,  then  the  assuitption 
is  that  the  subject  has  better  visual  sensitivity  to  the 
vertical  (or  horizontal)  grating.  Solcol,  Moskowitz,  and 
Hansen  (1987)  examined  visual  evoked  potentials  (VEP)  in 
infants  to  determine  the  presence  of  the  oblique  effect.  Not 
only  did  they  find  lower  VEP  amplitudes  for  oblique  targets 
(45°),  but  they  also  found  longer  VEP  latencies.  These 
results  would  iitply  that  the  Cree  Indians'  (Annis  &  Frost, 
1973)  VEP's  for  vertical  targets  would  be  equal  in  amplitude 
and  latency  to  their  VEP's  with  oblique  targets. 

Studying  the  dynamic  contrast  sensitivity  function  (DCSF) 

I  have  attenpted  to  highlight  the  need  for  a 
supplemental  test  to  traditional  visual  acuity  testing. 

We've  seen  how  SVA  measures  are  poor  predictors  of  DVA  and 
the  CSF.  Also,  studies  show  that  both  DVA  and  the  CSF  are 
superior  predictors  to  SVA  in  some  visually  guided  tasks. 

The  next  logical  step  would  be  to  investigate  the  CSF  under 
dynamic  conditions  (DCSF)  .  The  Committee  on  Vision  of  the 
National  Academy  of  Sciences  (1985)  recommended  the 
relationship  between  DCSF  and  flying  be  compared  with  the 
relationship  of  CSF  and  flying. 

The  purpose  of  this  research  was  to  examine  and 
establish  a  data  base  of  the  DCSF.  To  date,  very  few  studies 
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(see  Olesko,  1992;  Scialfa,  et  al.,  1988)  have  incorporated 
angular  velocity  with  the  CSF.  Like  Olesko 's  (1992)  stuc^,  I 
examined  a  wider  range  of  spatial  frequencies  than  Scialfa, 
et  al.  (1988) .  The  major  difference  of  this  experiment  from 
Olesko 's  experiment  was  the  inclusion  of  an  oblique 
orientation.  Even  in  our  "carpentered  visual  environment" 
(Annis  &  Frost,  1973),  much  of  what  we  see  has  oblique 
orientations.  Because  the  final  goal  is  to  develop  a  test 
that  can  be  used  to  predict  performance  during  certain 
conplex  visual  tasks,  the  inclusion  of  oblique  gratings 
provides  additional  data  more  closely  resembling  real  world 
visual  scenes.  Additionally,  the  oblique  gratings  allowed  us 
to  examine  if  the  same  oculomotor  mechanisms  operating  with 
vertical  and  horizontal  gratings,  are  present  with  oblique 
gratings.  Because  the  oblique  effect  is  most  pronounced  at 
the  45°  orientations  (Caitpbell,  Kulikowski,  &  Levinson, 

1966) ,  this  testing  may  provide  us  with  the  most  sensitive 
measure  of  the  DCSF. 

This  stuc^  examined  the  effects  of  three  major  factors: 
spatial  frequency;  angular  velocity;  and  target  orientation; 
on  the  DCSF.  This  study  examined  spatial  frequencies  (1.0, 
2.0,  3.0,  5.0,  7.0,  10.0,  15.0,  and  20.0  cpd)  covering  much 
of  the  human  visual  system's  capabilities  of  target 
detection.  We  expect  to  see  the  inverted-U  shape  function 
with  peak  sensitivity  in  the  3-7  cpd  range  for  the  static 
conditions . 
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The  angular  velocities  of  0®,  22°,  30°,  and  390/sec. 
were  used.  The  apparatus  generating  these  velocities 
presented  rotary  movement.  Although,  most  movement  we 
normally  detect  is  rarely  circular,  rotary  movement  is  the 
easiest  to  instrument  in  a  small  apparatus,  and  it  taxes  the 
oculomotor  system  more  than  other  forms  of  movement 
(Prestrude  &  Olesko,  1991;  Scialfa,  et  al..  1988).  As  the 
target ' s  velocity  increased,  we  expected  to  see  a  resultant 
decrease  in  contrast  sensitivity  indicated  by  a  lowered  peak 
and  a  shift  of  the  peak  sensitivity  toward  lower  spatial 
frequencies,  and  an  increase  in  the  contrast  required  to 
detect  the  lower  spatial  frequencies  (a  decrease  in  the 
overall  contrast  sensitivity) .  This  prediction  is  in  line 
with  the  results  of  earlier  DVA  studies  (Adams,  1992;  Olesko, 
1992;  Scialfa,  et  al.,  1988). 

Finally,  the  target  orientations  were  vertical  or 
oblique  (+45®  from  vertical) .  The  horizontal  orientation  was 
not  included  because  numerous  studies  have  shown  no 
statistically  significant  differences  between  the  horizontal 
and  vertical  orientations  (Annis  &  Frost,  1973;  Campbell,  et 
al.,  1966;  Leehey,  et  al.,  1975).  In  the  static  conditions, 
the  CSF  should  be  less  in  the  oblique  orientation  than  in  the 
vertical  orientation.  Also,  the  shifting  of  the  peak  of  the 
CSF  toward  the  lower  spatial  frequencies  for  oblique 
orientations  should  occur  at  slower  velocities  than  the 
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shifting  of  the  CSF  for  vertical  orientation.  This 
prediction  is  based  on  the  longer  VEP  Sokol,  et  al .  (1987) 
found  for  oblique  orientations.  Increasing  the  target's 
velocity,  in  essence,  places  a  greater  penalty  on  any  time 
delays  in  the  oculomotor  pursuit  mechanism.  This  is  because 
the  distance  traveled  by  the  target  per  unit  of  time  is 
changr-d  by  a  factor  directly  related  to  the  ratio  of  the 
velocity  change  (a  factor  of  two  when  increasing  from  25  to 
50O/sec.;  a  factor  of  four  when  increasing  from  25  to 
100‘^/sec.).  Therefore,  any  time  delays  under  dynamic 
conditions  should  increase  the  demand  on  the  oculomotor 
system,  exacerbate  the  tracking  difficulties,  and  result  in 
the  CSF  shifting  sooner  (at  lower  velocities)  than  in  the 
vertical  CSF. 

Pilot  studies 

Three  pilot  studies  were  completed  to  evaluate  our 
methodology.  The  first  pilot  stuc^  identified  two  perceptual 
phenomena  that  required  changes  in  the  procedures. 

Procedurally,  subjects  viewed  the  test  targets  one 
spatial  frequency  at  a  time,  but  with  the  contrast  ratios  in 
random  order.  For  each  target  presented  subjects  responded 
with  a  "yes"  (detect  a  contrast  grating)  or  "no"  (did  not 
detect  a  contrast  grating) .  Included  in  each  spatial 
frequency  set,  was  a  randomly  placed  uniform  gray  (0.0 
contrast)  target.  Many  subjects  were  reporting  greater  than 
50%  "yes"  on  the  \iniform  gray  slides.  What  subjects  were 
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perceiving  on  the  uniform  gray  slide  was  an  after  image  from 
the  previous  high  contrast  slide.  This  led  us  to  change  our 
procedures  to  a  staircasing  method  of  limits.  Also,  I 
increased  the  inter  stimuli  interval  for  3  to  5  seconds  to  7 
to  10  seconds  to  further  reduce  the  effects  of  afterimaging. 

The  second  interesting  phenomenon  I  observed  was  similar 
to  perceptual  aliasing.  [Perceptual]  aliasing  is  a  false 
neural  representation  of  a  stimulus  beyond  the  resolution 
limit  (Thibos,  Walsh,  &  Cheney,  1987) .  During  [perceptual] 
aliasing,  retinal  image  cort5>onents  above  the  resolution  limit 
will  be  signaled  by  the  neural  array,  but  be  represented 
falsely  and  appear  as  conponents  below  the  resolution  limit 
(Thibos,  et  al.,  1987).  Some  subjects  reported  seeing  "two 
to  three"  lines  in  the  Meditim  and  Fast  velocity  conditions 
with  the  higher  spatial  frequency  slides  (15  and  20  cpd) . 
These  slides  actually  had  approximately  20  and  26  visible 
lines.  Because  the  original  procedures  did  not  aslc  the 
subjects  how  many  lines  they  saw,  many  of  the  subjects  were 
answering  "yes"  (when  they  perceived  only  two  or  three  lines) 
when  they  should  have  been  answering  "no" .  To  prevent  a 
"yes"  answer  when  this  occurred,  the  instructions  were 
changed  to  ask  the  subjects  to  respond  "no"  when  the  image 
they  saw  differed  from  the  reference  slide  (Appendix  B) . 

In  the  second  pilot  study,  I  had  mechanical 
difficulties.  The  rotating  mechanism  would  bind  causing 
inconsistent  velocities.  To  alleviate  this  problem,  I 
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replaced  the  original  rotating  mechanism  (a  Lazy  Suzy)  with  a 
machined  alxjminum  carriage  with  ball  bearings. 

In  a  third  pilot  study,  the  modifications  in  apparatus 
and  procedure  from  the  preceding  test  pilot  studies  were 
tried  on  four  subjects.  The  initial  repeated  measures 
analysis  of  variance  (ANOVA)  showed  main  effects  for  target 
Orientation  (£(1,  3)  =  12.44,  p  =  .0387),  Velocity  {£(3,  9) 

=  14.65,  p  =  .0008),  and  Spatial  Frequency  {£(7,  21)  =  12.27, 
p  =  .0001)  (see  Figure  2)  .  No  interactions  were  foxand  to  be 
statistically  significant  . 


Insert  Figure  2  about  here 


A  contrast  analysis  between  the  four  velocity  conditions 
found  significance  between  the  following  conditions:  Static 
vs  Medivim  [£(1,  3)  =  15.89,  p  =  .0283];  Static  vs  Fast  [£{1, 
3)  =  32.77,  p  =  .0106];  Slow  vs  Medium  [£(1,  3)  =  29.67,  p  = 
.0122];  and  Slow  vs  Fast  [£(1,  3)  =  12.29,  p  =  .0393]  (see 
Figures  3  and  4) .  All  other  velocity  contrasts  were 
nonsignificant  at  the  p  =  .05  level.  However,  the  Static  vs 
Slow  condition  did  approach  significance  with  a  of  p  =  .0911. 


Insert  Figures  3  and  4  about  here 


The  pilot  data  suggested  the  following  hypotheses:  1) 
effect  of  orientation  -  the  contribution  of  this  thesis;  2) 
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effect  of  velocity  -  replicates  previous  results;  and  3) 
effect  of  spatial  frequency  -  replicates  previous  results. 

Method 

Sub-iects 

A  total  of  39  undergraduate  psychology  students  from 
Virginia  Polyetchnic  Institute  and  State  University  signed  up 
to  participate.  They  all  received  extra  credit  for 
participation.  Seven  subjects  were  not  included  in  the  data 
base  for  the  following  reasons:  a)  SVA  was  greater  than  20/25 
(N  =  1);  b)  did  not  complete  both  testing  sessions  (N  =  3); 
and  c)  exceeded  25%  false  alarm  rates  on  the  catch  trials  { [N 
=  3] ,  see  procedures) .  All  subjects  had  at  least  20/25  near 
and  far  static  binocular  visual  acuity  (measured  by  the 
Bausch  &  Lomb  Orthorater,  model  6000) .  This  experiment  was 
approved  by  the  VPI  &  SU  Human  Subjects  Review  Board. 
Apparatus 

Each  subject  was  screened  for  near  and  far  static 
binocular  visual  acuity  with  a  Bausch  &  Lomb  Orthorater, 
model  6000  (plates  N-1  and  F-3) . 

The  portable  d/namic  contrast  sensitivity  device  (PDCSD) 
developed  by  Olesko  (1992),  and  modified  by  the  present 
author,  measured  the  CSF,  as  well  as  the  DCSF  (see  Figure  5) . 


Insert  Figure  5  about  here 
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The  PDCSD,  included  a  modified  Kodak  850H  slide 
projector.  A  thin,  flat  black  aluminum  sheet,  with  a  0.635 
cm  diameter  hole  was  placed  in  front  of  the  projector  bulb  so 
the  bulb  illuminated  only  the  center  of  the  target  slide. 

This  produced  a  circular  test  target  while  also  reducing  the 
size  of  the  projected  image.  The  path  of  the  projected  image 
was  through  a  right  angle  prism,  onto  a  front  surface  mirror 
positioned  at  a  45°  angle  to  a  ground  glass  screen  on  which 
the  image  was  back  projected. 

The  prism  was  mounted  inside  a  circular  frame  and  was 
rotated  by  a  drive  belt  connected  to  a  variable  speed 
electric  motor.  A  Marietta  Kinetic  Visual  Display  variable 
resistance  potentiometer  controlled  the  motor  and  regulated 
the  target  velocities.  Because  the  front  surface  mirror  was 
also  attached  to  the  rotating  circular  frame,  it  remained  in 
the  same  relative  position  with  respect  to  the  refracting 
prism.  The  7.2  cm  displacement  of  the  mirror  from  the 
prism's  reflecting  surface  formed  the  radius  of  the  circular 
path  traveled  by  the  test  targets.  A  40  x  33  x  61  cm  wooden 
box  housed  the  rotating  prism/mirror  assembly  and  motor.  A 
hole  was  cut  into  the  rear  of  the  box  allowing  for  the  slide 
projector's  lens.  A  ground  glass  screen  was  located  in  the 
box  and  an  adjustable  circular  aperture  was  mounted  in  front 
of  the  screen  to  control  exposure  duration.  A  neutral 
density  filter  (log  2.0)  was  affixed  to  the  front  of  the 
projector's  lens  to  reduce  glare.  A  Lafayette  timer  coupled 
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with  a  Gerbrand  shutter  set  the  duration  of  the  ejqposure  at 
400  ms.  in  the  static  condition.  The  adjustable  aperture 
kept  the  exposure  duration  at  400  ms.  in  the  moving  target 
conditions.  A  black  muslin  cloth  tunnel  lined  the  visual 
path  from  the  subject's  eyes  to  the  target  image.  This 
reduced  any  ambient  light. 

The  test  targets  were  a  series  of  slides  with  sine  wave 
grating  produced  by  a  VAX  11-785  cornputer  on  a  Percept ics 
9200  color  image  processor.  The  slides  were  photographed  by 
a  Matrix  Instruments  Model  4007  Color  Graphic  Camera  using 
100  ASA  Kodak  T-Max  black  and  white  film.  The  negatives  were 
mounted  into  slide  frames  to  create  the  slides.  The  test  set 
(Appendix  A)  consisted  of  92  slides  at  eight  spatial 
frequencies  (1,  2,  3,  5,  7,  10,  15,  and  20  cpd) .  The 
projected  circular  test  targets  subtended  1.32  degrees  of 
visual  angle  at  a  viewing  distance  of  82.6845  cm. 

The  contrast  ratios  of  the  test  targets  were  empirically 
determined  using  a  Gamma  Scientific  Radiometer  which  scanned 
the  center  1.0  cm  of  the  target  slides  (Appendix  A) .  An 
exception  to  this  was  with  the  1.0  cpd  slides  which  required 
a  2.0  cm  scan  to  ensure  the  inclusion  of  at  least  one  peak 
and  trough  in  the  data.  An  aperture  of  25  x  8  mm  and  a  step 
size  of  .003  cm  was  used  to  obtain  the  individual  data 
points.  The  average  of  the  peaks  (Lmax  avg.)  and  the  average 
of  the  troughs  (Lniin  avg.)  were  used  in  our  contrast  ratio 
equation  ([Lmax  avg.'Lmin  avg.]/ [Lmax  avg.+Lmin  avg.])*  The 
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unit  of  luminance  used  in  calculating  the  contrast  ratios  was 
candelas  per  meter  squared  (cd/m^). 

The  targets  were  presented  either  vertically  or 
obliquely  (45°  cloc3cwise)  .  The  projector  was  placed  on  a 
incline  in  order  to  achieve  the  45°  clockwise  orientation. 

The  optical  power  of  the  test  targets  was  measured 
directly  from  the  screen  with  a  Minolta  Luminance  Meter 
and  a  No.  135  close  up  lens.  The  average  luminance  of  the 
test  targets  was  7.93  cd/m^  (SD  =  1.26  cd/m^) . 

Procedure 

For  each  subject,  two  testing  sessions  coirpleted  the 
data  collection.  Sxabjects  were  assigned  randomly  to  two 
groups,  a  “V"  and  a  "O"  group.  The  "V*  group  received  the 
vertical  targets  during  the  first  session,  and  the  oblique 
targets  during  the  second  session.  The  *0*  group  received 
the  oblique  targets  during  the  first  session,  and  the 
vertical  targets  during  the  second  session. 

The  possible  effects  of  practice  and  fatigue  were 
minimized  by  using  a  row  conplete  Latin  squares  design  for 
both  the  velocity  ordering  and  the  spatial  frequency 
ordering.  A  row  complete  Latin  squares  design  is 
"statistically  'balanced'  both  with  respect  to  the  effect  of 
the  immediately  preceding  experiment  and  also  with  respect  to 
the  number  of  preceding  experiments"  (D6nes  &  Koedwell,  1974, 
p.  82) .  In  repeated  measures  experiments,  a  row  conplete 
Latin  squares  may  be  advantageous  if  the  subject  is  likely  to 
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be  affected  by  the  number  of  treatments  previously  received, 
and  also  the  effect  of  the  treatment  which  was  its 
immediate  predecessor  {D6nes  &  Koedwell) . 

The  "V“  group  was  divided  further  into  four  velocity 
groups  (W,  X,  y,  Z) ;  with  each  group  containing  all  velocity 
conditions.  Each  subject  began  with  one  velocity,  but 
responded  to  all  four  velocities.  Each  velocity  group  had 
four  subjects,  and  each  subject  received  one  of  the  eight 
spatial  frequency  orderings,  “A*  through  "H''  (see  Figure  6)  . 
Likewise,  the  same  division  of  siobjects  was  used  for  the  “O* 
group.  Therefore,  each  subject  responded  to  all  combinations 
of  orientation,  velocity,  and  spatial  frequency. 


Insert  Figure  6  about  here 


During  the  start  of  the  first  session,  each  subject  was 
tested  for  near  and  far  static  binocular  visual  acuity 
(Orthorater) .  Those  who  normally  wore  corrective  lenses  did 
so  during  the  testing. 

The  subjects  viewed  the  test  targets  one  spatial 
frequency  at  a  time  with  decreasing  levels  of  contrast.  Each 
trial  set  started  with  a  static  presentation  (1-2  seconds 
duration)  of  a  reference  slide.  The  reference  slides  were 
the  highest  contrast  slides  for  each  spatial  frequency  set. 
They  ranged  in  contrast  from  a  high  of  .5655  (for  the  1  cpd 
set)  to  a  low  of  .4229  (for  the  5  cpd  set) .  A  uniform  gray 
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slide  (0.0  contrast)  was  included  in  each  spatial  frequency 
set.  Its  position  in  each  set  was  subsequent  to  the  slide 
with  greater  than  10%  contrast  and  prior  to  the  first  slide 
with  less  than  10%  contrast  (see  ^pendix  A)  .  This  created  a 
somewhat  random  placement  of  the  sequential  position  of  the 
uniform  gray  slides  due  to  the  differing  numbers  of  slides 
subsequent  to,  and  prior  to  the  10%  contrast  level-  If  the 
subject  responded  “yes“  to  more  than  25%  of  the  catch  trials, 
the  data  set  was  not  used  and  the  subject  was  dismissed  and 
thanked  for  his/her  participation  (three  siibjects  exceeded 
25%)  . 

To  determine  contrast  thresholds,  a  staircasing  method 
of  limits  was  used.  For  each  target  presented,  subjects  were 
instructed  to  respond  with  "yes"  (detect  a  contrast  grating 
the  same  as  the  reference  slide)  or  "no"  (did  not  detect  a 
contrast  grating  the  same  as  the  reference  slide) .  Once  a 
"no"  was  obtained  the  same  slide  was  presented  again.  If  the 
response  was  another  "no",  the  slides  were  reversed  (contrast 
increased)  until  a  second  "yes"  was  obtained.  If  the 
response  after  the  first  "no"  was  "yes",  then  the  contrast 
was  decreased  until  a  second  "no"  occurred.  The  individual's 
contrast  threshold  was  the  average  contrast  between  the  two 
"yes/no"  slides  (The  catch  slides  were  not  used  in 
calculating  thresholds) .  The  two  exceptions  to  this 
averaging  procedure  occurred  when  a  subject  could  not  detect 
the  highest  contrast  target  (first  slide  presented  after  the 
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reference  slide) ,  or  when  the  subject  was  able  to  detect  the 
lowest  contrast  slide  (last  slide) .  In  these  situations,  the 
contrast  threshold  used  for  averaging  was  that  of  the  first 
and  last  slide  respectively.  Statistically,  this  is  a 
conservative  approach.  In  the  first  condition,  we  know  the 
individual's  ■true"  threshold  is  somewhere  between  1.0  and 
the  contrast  value  of  the  slide.  By  using  the  contrast  value 
of  the  first  slide,  we  are  reducing  any  differences  that 
might  be  found  between  our  testing  conditions.  In  a  similar 
manner,  by  using  the  value  of  the  last  slide,  we  are  also 
reducing  any  differences  that  might  be  found  between  our 
testing  conditions. 

The  interstimulus  interval  was  approximately  seven  to 
ten  seconds  during  the  testing  conditions.  This  slower 
presentation  allowed  any  afterimages  that  may  have  been 
present  to  dissipate,  while  keeping  the  duration  of  the 
testing  to  less  than  60  minutes,  thus  minimizing  subject 
fatigue. 

During  all  testing  conditions,  the  target  exposure  was 
held  at  400  ms.  This  400  ms  exposure  time  allows  the  eye  at 
least  an  initial  saccade,  and  at  least  one  smooth  pursuit 
movement  (Miller  &  Ludvigh,  1962) .  The  targets  were  exposed 
to  100,  140,  and  180  degrees  of  arc  during  the  22,  30,  and 
390/sec.  conditions  respectively.  The  targets  covered  a 
linear  extent  of  12.5,  17.5,  and  22.5  cm.  respectively. 
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After  the  static  visual  acuity  test,  subjects  were 
seated  in  front  of  the  PDCSD  with  the  head  stabilized  in  a 
chin  rest.  The  projected  image  was  level  with  the  subject's 
eyes.  An  adjustable  height  seat  was  used  to  minimize  muscle 
fatigue.  A  red  incandescent  bulb  (25  watts)  provided  the 
only  illumination  other  than  test  images.  This  lighting 
allowed  the  experimenter  to  record  the  data  without 
interfering  with  the  subjects'  adaptation  (Olesko,  1992). 

Approximately  ten  minute  of  adaptation  occurred  prior  to 
the  actual  testing.  During  this  time,  subjects  were 
instructed  (refer  to  ^pendix  B)  that  they  were  participating 
in  an  experiment  on  the  effects  of  spatial  frequency,  target 
orientation,  and  target  movement  on  their  ability  to  detect 
sine  wave  grating  patterns. 

For  demonstration  purposes  prior  to  data  collection, 
subjects  were  shown  a  set  of  practice  test  targets  of 
vertical  or  oblique  orientations  (depending  on  the  testing 
condition) .  A  set  of  eleven  slides,  with  frequencies  ranging 
from  1.5  to  25  cpd  were  used  during  the  demonstration. 

During  the  demonstration,  subjects  received  sample  threshold 
determinations  in  all  velocity  conditions  (0°,  22°,  30°,  and 
390/sec)  with  the  1.5  cpd  slides.  These  demonstrations  gave 
the  subjects  ample  practice  and  familiarized  them  with  the 
required  procedures. 
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Results 


All  threshold  measurements  were  converted  to  contrast 
sensitivity  values  ( threshold'^)  prior  to  the  analyses. 
Traditionally,  the  contrast  sensitivity  values  and  not  the 
threshold  values  are  plotted.  By  converting  to  contrast 
sensitivity,  one  can  make  direct  statistical  and  visual 
conparisons  when  viewing  contrast  sensitivity  function  plots. 

A2x2x4x4x8x8  (Orientation  Ordering  x 
Orientation  x  Velocity  Ordering  x  Velocity  x  Spatial 
Frequency  Ordering  x  Spatial  Frequency)  ANOVA  is  summarized 
in  Table  1. 


Insert  Table  1  about  here 


Factors;  Orientation.  Velocity,  and  Spatial  Frequency 

The  ANOVA  revealed  main  effects  for  target  Orientation 
(Ed,  30)  =  18.09,  p  =  .0002),  Velocity  (£(3,  180)  =  160.29, 
p  =  .0001),  and  Spatial  Frequency  (£(7,  1680)  =  196.18,  p  = 
.0001)  . 

Additionally,  all  of  the  two-way  interactions  between 
Orientation,  Velocity,  and  Spatial  Frequency  were  significant 
(Orientation  x  Velocity,  £(3,  180)  =  3.96,  p  =  .0092; 
Orientation  x  Spatial  Frequency,  £(7,  1680)  =  3.24,  p  = 

.0012;  and  Velocity  x  Spatial  Frequency  £(21,  1680)  =  29.35, 

p  =  .0001. 
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A  separate  Dxincan's  Multiple  Range  Test  was  performed  to 
determine  which  velocity  conditions  differed  at  each  spatial 
frequency  in  both  the  Vertical  and  Oblique  orientation. 

These  results  are  summarized  in  Tables  3-18. 
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Insert  Tables  3-18  about  here 


The  results  clearly  indicate  that  the  oblique 
orientation  decreases  the  CSF  when  compared  to  the  vertical 
orientation  (see  Figure  7). 


Insert  Figure  7  about  here 


The  overall  percentage  decrement  in  the  CSF  at  given 
spatial  frequencies  is  shown  in  Figure  8.  On  average,  the 
CSF  decreased  19.35%  (standard  error  =  2.72%)  from  the 
vertical  to  the  oblique  orientation. 


Insert  Figure  8  about  here 


A  line  of  best  fit  was  constructed  (see  Figure  9)  for 
the  Average  %  Decrements  in  the  CSF.  The  slope  of  this  line 
was  not  statistically  different  from  zero  (p  =  .06) . 


Insert  Figure  9  about  here 


The  results  also  indicated  a  decrement  in  the  CSF  when 
rotational  movement  as  low  as  220/second  was  applied  to  the 
targets.  The  CSF  also  continued  to  decrease  (from 
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22^/second)  at  target  velocities  of  SO^/second  and  39‘^/second 
(see  Figures  10,  11,  and  12) . 


Insert  Figures  10,  11,  and  12  about  here 


In  the  Vertical  condition,  the  peak  sensitivity  shifted 
from  5  cpd  (static  condition)  to  3  cpd  in  the  slow  and  mediiom 
velocity  conditions  and  remained  the  same  in  the  fast 
condition  (see  Figure  10) . 

Figures  13  and  14  graphically  represent  the  percentage 
decrement  in  the  CSF  when  coit^aring  the  Static  condition  to 
the  Slow,  Medium,  or  Fast  velocity  condition. 


Insert  Figures  13  and  14  about  here 


In  the  Oblique  condition,  the  peak  contrast  sensitivity 
shifted  from  5  cpd  (static  condition)  to  3  cpd  in  the  slow 
velocity  condition,  and  from  5  cpd  to  2  cpd  in  fast  velocity 
condition  (see  Figure  11) .  Peak  sensitivity  remained  the 
same  in  the  medium  velocity  condition. 

Discussion 

The  results  of  this  stuc^  clearly  show  a  significant  (p 
=  0.0002)  decrement  in  the  CSF  due  to  the  oblique  effect. 
This  decrement  is  not  surprising  given  the  robustness  of  the 
oblique  effect.  However,  what  is  surprising  was  the 
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magnitude  of  the  oblique  effect.  Contrast  sensitivity  was 
reduced,  on  average,  19.35%  (see  Figures  8  and  9). 

The  analysis  of  the  slope  of  the  regression  line  showed 
it  was  not  statistically  different  from  zero  (p  >  .05) .  This 
leads  me  to  the  conclusion  that  the  average  decrement  due  to 
the  oblique  effect  is  independent  of  spatial  frequency. 

The  demonstration  of  the  oblique  effect  with  our 
procedures,  advances  the  validity  of  our  measuring  device  and 
procedures.  Appelle  (1972)  pointed  out  that  the  literature 
demonstrated  the  oblique  effect  in  many  species  including 
(i.e.,  octopus,  goldfish,  pigeon,  rat,  squirrel,  cat, 
chimpanzee,  and  human).  Braddiclc  et  al.  (1986)  and  Leehey  et 
a.i  ,  '  L975)  also  found  the  oblique  effects  may  occur  as  early 
as  b  weeks  in  the  human  infant.  Orientation-specific  masking 
and  orientation-specific  color  aftereffects  studies  also 
demonstrate  the  oblique  effect  (see  Appelle,  1972  for  a 
review) .  Because  of  this  robustness,  had  we  not  found  an 
oblique  effect,  then  we  would  have  to  question  our  methods 
and  procedures.  But  given  that  we  did  find  the  oblique 
effect,  and  our  data  are  also  in  agreement  with  other  DCSF 
studies  (Adams,  1992;  Olesko,  1992;  Scialfa,  et  al.,  1988), 
the  utility,  generality,  and  validity  of  the  PDCSD  is 
strengthened. 

The  amount  of  change  (when  conpared  to  the  static 
condition)  that  was  exerted  by  moving  targets  was  greater  for 
the  vertical  than  oblique  targets  (p  =  .0092)  . 
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Insert  Figures  15  -  17  about  here 


Figures  15-17  graphically  represent  this  Orientation  x 
Velocity  interaction.  A  possible  explanation  for  this 
interaction  is  the  floor  effect.  The  CSF  for  the  Vertical 
targets  in  the  Static  condition  is  much  greater  than  the  CSF 
for  the  Oblique  targets  (i.e.,  the  oblique  effect). 

Therefore,  the  amount  of  decrement  available  under  the 
differing  velocity  conditions  is  much  larger  for  the  vertical 
targets  than  for  the  oblique  targets. 

The  Orientation  x  Spatial  Frequency  interaction  also 
reached  significance  (p  =  0.0012).  This  interaction  is  not 
readily  apparent  in  Figure  12  due  to  the  log-log  scaling. 

For  example,  the  change  from  2  to  3  cpd  in  the  Vertical 
orientation.  Static  condition,  appears  equal  in  magnitude  to 
the  change  (2-3  cpd)  in  the  Oblique  orientation.  Static 
condition.  However,  the  contrast  sensitivity  increased  by 
approximately  47%  (from  2-3  cpd)  in  the  Vertical  condition 
and  only  38%  (from  2-3  cpd)  in  the  Oblique  condition. 

A  possible  explanation  for  this  interaction  lies  in  the 
construction  of  our  visual  system.  Our  visual  system  is 
mediated  by  three  parallel  pathways  (the  magnocellular, 
parvocellular  interblob,  and  the  parvocellular  blob)  that 
process  information  for  motion,  depth  and  form,  and  color 
(Kandel,  1991)  . 
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T^ie  magnocellular  system  is  specialized  for  motion  and 
spatial  relationships  (Kandel,  1991) .  It  also  includes  the 
large  "M*  ganglion  cells  found  in  the  retina  which  are  most 
sensitive  to  large  images  (low  spatial  frequencies) . 

The  parvocellular-interblob  system  is  primarily 
specialized  for  the  detection  of  form  (Kandel,  1991)  .  It 
includes  the  small  “P"  ganglion  cells  in  the  retina  that  are 
sensitive  to  different  colors.  The  neurons  in  this  system 
are  also  sensitive  to  orientation  of  edges .  They  are  also 
slowly  adapting  and  capable  of  high  resolution  [high  spatial 
frequencies]  (Kandel) . 

The  parvocellular-blob  system  is  primarily  specialized 
for  the  detection  of  color  (Kandel,  1991) .  It  also  receives 
information  from  the  "P"  ganglion  cells  in  the  retina. 

Appelle  (1972)  points  out  that  we  have  separate  sets  of 
analyzers  for  different  orientations.  This  idea  is  in 
agreement  with  Hubei  and  Wiesel's  (1962)  observations  of 
simple  and  complex  cells  that  are  tuned  specifically  to  a 
particular  orientation.  The  complex  cells  are  arranged  into 
columns  in  the  primary  visual  cortex  and  each  column  is 
maximally  responsive  to  a  specific  orientation  (Kandel, 

1991)  .  A  lateral  grouping  of  these  columns,  each  responsive 
to  a  different  orientation  (approximately  a  10  degree  shift 
in  axis  of  orientation)  forms  what  Hubei  and  Wiesel  called 
hypercolumns . 
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The  distribution  of  these  hypercolumns  combined  within 
the  magnocellular  and/or  parvocellular  systems  might  explain 
the  Orientation  x  Spatial  frequency  interaction. 

The  Velocity  x  Spatial  Frequency  interaction  may  also  be 
e:q)lained  ty  the  construction  of  our  visual  system. 

Inspection  of  Figures  10  -  12  show  that  contrast  sensitivity 
decreased  as  velocity  increased.  Also,  the  degradation  was 
greater  at  the  higher  spatial  frequencies  than  the  lower 
spatial  frequencies.  Miller  and  Ludvigh  (1962)  pointed  out 
that  the  deterioration  of  visual  acuity  during  pursuit 
tracking  results  from  erratic  eye  movements  that  cause 
unstable  images  on  the  retina. 

Retinal  "smear",  a  blurring  of  the  contrast  between 
adjacent  areas  of  the  retina  (Adams,  1992)  may  be  responsible 
for  this  interaction.  When  viewing  high  spatial  frequency 
images,  the  magnitude  of  the  image's  movement  on  the  retina 
needed  to  cause  smearing  would  be  less  than  that  for  lower 
spatial  frequency  images.  Therefore,  retinal  smear  would 
manifest  itself  at  a  slower  velocity  with  high  spatial 
frequency  targets  than  with  low  spatial  frequency  targets . 
Also,  at  a  given  velocity,  the  retinal  smear  would  be  greater 
for  the  higher  frequency  targets.  This  explains  why  velocity 
exacts  a  larger  toll  at  the  higher  spatial  frequencies . 

Another  result  of  this  stuc^  was  that  the  peak  of  the 
CSF  appears  to  shift  toward  lower  spatial  frequencies  with 
velocity.  Examination  of  Figure  10  shows  the  peak  contrast 
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sensitivity  in  the  Static  condition  at  5  cpd.  But,  under  the 
Slow  and  Mediixm  velocity  conditions,  the  peak  contrast 
sensitivity  is  at  3  cpd.  In  the  Fast  condition,  the  CSF  is 
depressed  and  no  peak  is  apparent  (the  value  at  5  cpd  is  the 
greatest  but  the  value  a  2  cpd  is  also  very  close  in 
magnitude) .  Figure  11  shows  the  peak  sensitivity  shifting 
from:  5  to  3  cpd  (Static  to  Slow) ;  and  5  to  2  cpd  (Static  to 
Fast) .  The  Medium  velocity  condition  maintained  the  same 
peak  as  the  Static  condition. 

The  reason  for  the  shift  in  peak  sensitivity  can  be 
logically  explained  by  the  functional  anatoity  of  our  visual 
system.  The  magnocellular  system  is  most  sensitive  to  both 
movement  and  large  targets  (i.e..,  low  spatial  frequencies). 
Therefore,  any  target  movement  should  increase  the  relative 
contribution  of  this  system  over  that  of  the  parvocellular 
systems.  This  increased  relative  contribution  would  explain 
the  shifting  of  peak  sensitivity  toward  the  lower  spatial 
frequencies . 

The  prediction  that  the  peak  of  the  CSF  would  shift 
toward  lower  spatial  frequencies  at  slower  velocities  for  the 
oblique  orientation  (when  compared  to  the  vertical 
orientation)  was  not  supported  by  the  data  (see  Figure  12) . 

We  found  a  similar  shift  (both  from  5  to  3  cpd)  in  both  peaks 
at  the  slowest  velocity  employed  (22°/ second) .  This  finding 
does  not  eliminate  the  possibility  that  our  prediction  would 
hold  true  at  slower  velocities.  For  our  prediction  to  still 
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be  valid,  one  must  assume  that  our  slow  velocity  was  too 
fast,  and  placed  too  great  a  demand  on  the  Vertical 
condition,  thus  it  was  unable  to  differentiate  the  proposed 
difference  between  the  Vertical  and  Oblique  conditions. 

The  results  of  this  stucfy,  like  Olesko’s  (1992)  found 
significant  decrements  in  the  CSF  at  much  slower  velocities 
(220/sec.  and  250/sec.)  than  previous  DVA  research 
(Miller  &  Ludvigh,  1962,  ^  SO^/sec.;  Weissman  &  Freebume, 
1965,  ^  150O/sec.).  This  finding  may  be  attributed  to  three 
methodological  differences  in  the  research:  1)  target 
contrast  levels;  2)  target  movement;  3)  subject  head 
movement.  Typical  DVA  studies  used  Landolt  rings  which  may 
have  had  higher  contrast  levels  than  our  sine  wave  gratings 
(I  can  only  speculate  on  this  because  the  contrast  levels  in 
the  earlier  studies  were  not  reported.  However,  typically, 
the  background  was  white  with  black  targets) .  This  higher 
contrast  may  have  allowed  the  subjects  to  more  accurately 
track  the  targets  at  higher  velocities.  This  explanation 
concurs  with  Brown's  (1972b)  findings  that  their  highest 
contrast  level  (70%)  resulted  in  the  lowest  acuity  thresholds 
at  all  velocities.  Circular  movement  was  reported  to  be  more 
taxing  on  the  ocular  pursuit  mechanism  than  the  vertical  or 
horizontal  movements  typically  used  (Miller  &  Ludvigh,  1962; 
Morrison,  1980) .  The  present  stucfy  moved  the  target  in  a 
circular  motion  perpendicular  to  the  line  of  sight  while 
traditional  studies  used  vertical  or  horizontal  movement. 
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Therefore,  we  would  also  expect  a  significant  difference  at 
slower  velocities  when  compared  to  traditional  studies 
employing  vertical  or  horizontal  movement.  Crawford  {I960) 
found  that  free  head  movement  inproved  DVA  vdien  coitpared  to  a 
fixed  head.  This  study  required  a  fixed  head  position  (see 
Appendix  B)  while  Weissman  and  Freebume  (1965)  allowed  free 
head  movement  in  tracking.  This  third  factor  would  also  lead 
to  a  significant  difference  for  slower  velocities. 

The  row  Latin  square  design  was  intended  to  minimize 
practice  and  fatigue  effects.  However,  this  design  and  our 
analysis  allowed  us  to  examine  possible  ordering  effects  for 
orientation,  velocity,  and  spatial  frequency.  The  only 
ordering  effect  that  reached  significance  (p  =  .0116)  was  the 
interaction  between  the  Orientation  and  the  Spatial  Frequency 
Ordering.  The  large  number  of  tests  accomplished  (given  the 
six  factors)  increased  the  probability  of  making  a  Type  I 
Error,  and  this  may  be  the  only  logical  explanation  for  this 
statistically  significant  interaction. 

The  results  of  this  study  served  to  validate  the  utility 
of  the  PDCSD  as  a  tool  for  measuring  c^amic  contrast 
sensitivity.  Future  research  should  test  additional 
orientations  (e.g.,  15°'  30^',  60®',  75®',  and  horizontal). 
This  would  allow  a  testing  of  the  precision  of  the  test 
measurement  and  miight  also  suggest  what  mechanisms  are 
involved  in  the  orientation  effect  and  its  interaction  with 
velocity  and  spatial  frequency. 
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The  sxibsequent  step  in  this  area  of  research  needs  to 
examine  the  validity  of  the  DCSF  in  predicting  real-world 
performance  in  such  areas  as  flying,  driving,  and  athletics. 

Even  if  future  research  can  establish  predictive 
validity  of  the  DCSF  in  real-world  performance,  the  testing 
methods  must  become  more  efficient  to  be  effectively  used. 
Increased  testing  efficiency  should  be  the  follow  on  step 
(i.e..,  after  predictive  validity  is  established)  for  future 
research. 
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Appendix  A 


Test  Slides  and  their  Errpirically  Measured  Contrast  Levels 
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Appendix  B 

Instructions  for  Subjects 


First,  I'll  test  your  far  and  near  visual  acuity. 

Please  have  a  seat  at  the  table.  Adjust  your  chair  so  your 
chin  rests  comfortably  in  the  chin  rest.  Please  keep  your 
chin  in  the  chin  rest  unless  instructed  otherwise.  Go  ahead 
and  relax  right  now.  There  will  be  several  breaks  to  relax 
and  remove  your  chin. 

Your  task  will  be  to  look  at  the  circle  of  light  in 
front  of  you  and  determine  whether  you  can  see  a  pattern  of 
vertical  (diagonal)  bars.  This  circle  will  be  visible  for 
less  than  a  second.  Some  images  may  be  very  faint  or  non¬ 
existent;  while  others  will  be  easily  seen.  Answer  "yes"  or 
"no"  to  whether  you  see  the  bars.  If  you  are  not  sure,  make 
a  best  guess.  Prior  to  beginning  each  set.  I'll  show  you  a 
reference  slide  for  that  set.  For  each  set,  the  amount  of 
bars  and  their  direction  of  slant  will  remain  the  same  as  the 
reference  slide.  Continue  to  answer  yes,  until  you  no  longer 
see  any  bars  or  the  number  of  bars  you  see  differs  from  the 
reference.  For  example,  if  you  initially  see  10  bars,  and 
then  only  see  3-4  bars  on  future  images  of  the  same  set,  then 
you  would  report  "no"  when  you  started  to  see  only  3-4  bars. 
You  will  probably  not  be  able  to  count  all  the  bars,  so  make 
your  best  guess  (1  or  2;  5  to  10,  15;  too  many  to  count;  are 
some  examples).  It's  not  inportant  that  you  count  the  exact 
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number  of  bars,  but  it  is  inportant  that  you  use  your  initial 
estimation  of  the  reference  slide  for  the  remainder  of  the 


slides  in  the  set. 

LIGHTS  OOTl 111111 

I'll  will  demonstrate  some  of  the  images  you  may  see. 
Place  your  chin  in  the  chin  rest. 

SLIDE  1,  314 z  This  image  has  i  bars.  Do  you  see  them? 

SLIDE  2,  513:  This  image  has  about  iii.  bars.  Do  you  see 

them? 

SLIDE  3,  515:  This  image  has  the  same  amount  of  bars,  but 
is  a  bit  more  difficult  to  see  than  the 
last .  Do  you  see  them? 

SLIDE  4,  soil  This  image  has  LOTS  of  bars.  Do  you  see 
them? 

Some  of  the  images  will  have  either  more  or  less  bars,  and 
will  be  harder  or  easier  to  see. 

SLIDE  5,  125:  For  example,  this  image  only  has  two 
bars .  Do  you  see  them? 

We  will  begin  each  trial  with  a  "Let  me  know  when  you 
are  ready-"  With  a  "Ready",  we  will  begin  the  trial. 
Remember  to  place  your  chin  in  the  chin  rest  prior  to 
answering . 

Now  we  will  do  a  quick  practice  trial  demonstrating  the 
short  duration  of  the  image.  "Let  me  know  when  you  are 
ready."  (Proceed  in  the  static  condition  with  the  6  trial 
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slides  &  .4  sec.  duration.  I’ve  selected  the  slides  to  be, 

213,  214,  UG,  215,  218,  224.) 

In  another  phase  of  testing,  we  will  be  moving  the 
images.  Once  again,  answer  "yes"  or  "no*.  During  each  trial 
set,  the  moving  target  will  appear  at  same  initial  point.  I 
will  tell  you  where  the  target  will  appear  prior  to  starting 
each  velocity  trial.  You  should  attempt  to  follow  the  target 
with  your  eyes  when  it  appears  to  when  it  disappears.  For 
example,  this  target  will  appear  near  the  10:00  position  and 
disappear  near  the  2:00  position.  (Set  the  speed  to  SLOM, 
adjust  the  aperture  to  100°,  and  demonstrate  with  slides  213, 

214,  UG,  215,  218,  224.)  Demonstrate  the  complete  procedure 
with  the  same  set  of  slide  for  both  the  medium  speed 
condition  and  the  fast  speed  condition. 

Do  you  have  any  questions? 
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^pendix  C 


INFORMED  CONSENT 

Visual  Contrast  Sensitivity 

This  study  will  determine  the  effects  of  several 
variables  such  as  stimulus  orientation,  contrast,  and 
movement  on  contrast  sensitivity,  which  is  a  measure  of 
visual  acuity.  You  will  receive  one  esqjerimental  credit 
each  time  you  participate.  Each  experimental  session  will 
last  from  40-50  minutes.  You  will  be  asked  to  participate  in 
two  experimental  sessions. 

You  may  terminate  your  participation  at  any  time  and  you  will 
receive  experimental  credit  for  your  participation  to  that 
tin«. 


There  is  no  physical  or  psychological  discomfort 
involved.  We  can  not  promise  any  benefits,  but  the  tests  can 
detect  visual  problems  for  which  you  should  consult  an 
optometrist  or  ophthalmologist.  We  will  inform  you  about  the 
purpose  and  results  of  this  stu(^  when  you  have  completed 
your  participation.  The  information  accumulated  from  this 
research  might  be  presented  at  scientific  meetings  and/or 
published  in  professional  journals  and  books,  or  used  for  any 
other  purpose  which  the  Department  of  Psychology  at  Virginia 
Tech  considers  proper  in  the  interest  of  education, 
knowledge, 

or  research.  Individual  data  will  be  coded  to  guarantee 
privacy  and  will 

be  seen  only  by  the  researchers  and,  if  requested,  the 
individual  subject. 


This  project  has  been  approved  by  the  Virginia  Tech 
Human  Subjects  Committee  (HSC)  and  the  Instructional  Review 
Board  (IRB) .  If  you  have  ai^  question  about  this  research 
project.  Please  call; 


Craig  A.  Croxton: 

Dr.  A.  M.  Prestrude; 
Dr .  R .  J .  Harvey ; 

Dr .  Ernest  Stout ; 


Primary  researcher 

Project  sponsor 

Chair,  HSC, 

Dept,  of  Psychology 

Chair,  IRB 


951-3244 

231-5673 

231-7030 

231-5284 


1.  I  acknowledge  ity  volxintary  participation  in  this  study. 

2.  The  study  has  been  described  to  me  and  any  questions  I 
have  about  ny  participation  have  been  answered. 
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3 .  I  understand  that  infoiTOo  .ion  resulting  from  ity 
participation  may  be  used  for  jcientific  and  educational 
purposes,  but  that  I,  and  ny  aata  will  not  be  identified 
by  naitte. 

4.  I  understand  that  this  project  has  been  approved  by  the 
Human  Subjects  Committee,  and  the  Institutional  Review 

Board. 

5.  I  am  participating  freely  and  understand  that  I  need  not 
participate  if  I  do  not  wish,  and  if  I  participated, 

that  I  may  withdraw  at  any  time  without  penalty. 


Signature : 


SSN: 


Date: 


E3g>erimenter. 
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Table  1 

Analysis  of  Variance  Procedure 
Dependent  Variable:  Contrast  Sensitivit\ 

Errar  Tem; _ Sub-iect  x  orientation  Ordering  x  Orientation 

Source  DF  Mean  Square  F-Value  Pr  >  F 

Orientation 

Ordering  1  328.39  2.09  0.1588 

Error  30  157.24 

Error  Term; _ Sub-iect  x  Orientation  Ordering  x  Orientation 

Source  DF  Mean  Square  F-Value  Pr  >  F 

Orientation  1  2844.05  18.09  0.0002 

Error  30  157.24 


Erxor-Termi _ Sub-iect  x  Orientation  x  Velocity  Ordering  x 

Velocity 


Source 

DF 

Mean  Square 

F-Value 

Pr  >  F 

Velocity 

Ordering 

1 

105.45 

1.14 

0.3326 

Error 

180 

92.15 

Velocity 

Source 

DF 

Mean  Square 

F-Value 

Pr  >  F 

Velocity 

3 

14770.94 

160.29 

0.0001 

Error 

180 

92.15 

(table  continues) 
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Source 

DF 

Mean  Square 

F-Value 

Pr  >  F 

Orientation 
X  Velocity 

3 

364.75 

3.96 

0.0092 

Error 

180 

92.15 

Velocity 

Source 

DF 

Mean  Square 

F-Value 

Pr  >  F 

Orientation 
X  Velocity 
Ordering 

3 

86.99 

0.94 

0.4206 

Error 

180 

92.15 

Dependent  Variable: 

Contrast  Sensitivity 

Source 

DF 

Mean  Square 

F-Value 

Pr  >  F 

Model 

367 

451.01 

12.30 

0.0001 

Error 

1680 

36.66 

Source 

DF 

Mean  Square 

F-Value 

Pr  >  F 

Spatial 

Frequency 

Ordering 

7 

42.73 

1.17 

0.3194 

Spatial 

Frequency 

7 

7191.84 

196.18 

0.0001 

Orientation 
X  Spatial 
Frequency 

7 

125.27 

3.42 

0.0012 
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(table  continues) 


Source 

DF 

Mean  Square 

F-Value 

Pr  >  F 

Velocity  x 

Spatial 

Frequency 

21 

1075.80 

29.35 

0.0001 

Orientation 

X  Velocity 

X  Spatial 
Frequency 

21 

27.38 

0.75 

0.7864 

Orientation 

X  Spatial 
Frequency 
Ordering 

7 

95.11 

2.59 

0.0116 

Velocity  x 
Spatial 
Frequency 
Ordering 

21 

18.37 

0.50 

0.9708 

Orientation 

X  Velocity 

X  Spatial 
Frequency 
Ordering 

21 

22.289 

0.61 

0.9158 
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Table  2 

Fisher's  Least  Significant  Difference  (LSD)  for  Velocity 


T  tests^  (LSD)  for  variable:  Contrast  Sensitivity 


Alpha  =0.05  DF 

=  180 

MSB  =  92.15393 

Critical  Value  of 

T  =  1.97 

Least  Significant  Difference  =  1.1839 

T  groupingt> 

Mean 

contrast 

sensitivity 

N 

Velocity 

A 

17.7592 

512 

STATIC 

B 

10.1856 

512 

SLOW 

C 

7.0836 

512 

MEDIUM 

D 

5.7621 

512 

FAST 

^This  test 

controls  the  type 

I  coitiparison  wise  error  rate 

not  the  experimentwise  rate. 

^eans  with  the  same  letter 

not  significantly  different 


58 


Table  3 


Analysis  of  Variance  Procedure  and  Multiple  Range  Test  of 
Contrast  Sensitivity  for  Vertical  Orientation  @  1  CPD 
Dependent  Variable :  VELOCITY 


Sum  of 


Source 

DF 

squares 

F -Value 

Pr  >  F 

Model 

3 

47.53 

1.78 

0.1535 

Error 

124 

1100.79 

Corrected 

Total 

127 

1148.32 

Duncan's  Multiple  Range  Test^  for  variable:  Contrast 

Sensitivity 

Alpha  =  0.05 

DF  =  124  MSE  =  8.8877344 

Number  of  Means  2 

3  4 

Critical  Range  1.480 

1.556  1.605 

Duncan 

grouping^ 

Mean 

contrast 

sensitivity 

N 

Velocity 

A 

6.1508 

32 

STATIC 

A  B 

5.3016 

32 

SLOW 

A  B 

5.1316 

32 

MEDIUM 

B 

4.4392 

32 

FAST 

Note.  CPD  = 

cycles  per  degree.  ^This  test  controls 

the  type 

Z  comparison  wise  error  rate,  not  the  experiment wise  rate, 
^eans  with  the  same  letter  are  not  significantly  different. 
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Table  4 


ftiialvsis  of  Variance  Procedure  and  Multiple  Range  Test  of 
Contrast  Sensitivity  for  Vertical  Orientation  @  2  CPD 
Dependent  Variable :  VELCX:iTY 


Sum  of 


Source 

DF 

squares 

F-Value 

Pr  >  F 

Model 

3 

1213.92 

8.18 

0.0001 

Error 

124 

6132.96 

Corrected 

Total 

127 

7346.88 

Duncan's  Multiple  Range  Test^  for  variable:  Contrast 

Sensitivity- 

Alpha  =0.05  DF  =  124  MSB  =  49.45938 


Duncan 

Number  of  Means 

Critical  Range 

Mean 

contrast 

2 

3.493 

3  4 

3.673  3.789 

grouping^ 

sensitivity 

N 

Velocity 

A 

16.225 

32 

STATIC 

A 

14.477 

32 

SLOW 

B 

9.623 

32 

FAST 

B 

9.075 

32 

MEDIUM 

Note.  CPD  = 

cycles  per  degree 

®This  test  controls 

I  coitparison  wise  error  rate,  not  the  experimentwise  rate, 
^eans  with  the  same  letter  are  not  significantly  different. 
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Table  5 


of  Variance  Procedure  and  Multiple  Range  Test  of 
Contraat.  Sensitivity  for  Vertical  Orientation  Q  3  CPD 
Dependent  Variable :  VELOCITY 


Sum  of 


Source 

DF 

squares 

F-Value 

Pr  >  F 

Model 

3 

8979.95 

32 

0.0001 

Error 

124 

11600.80 

Corrected 

Total 

127 

20580.75 

Duncan's  Multiple  Range  Test^  for  variable;  Contrast 

Sensitivity 

Alpha  =  0. 

05  DF  =  124  MSE  =  93.5548 

Number  of 

Means  2 

3  4 

Critical  Range  4.804 

5.051  5.221 

Duncan 

grouping^* 

Mean 

contrast 

sensitivity  N 

Velocity 

A 

30.690 

32 

STATIC 

B 

18.701 

32 

SLOW 

C 

12.662 

32 

MEDIUM 

C 

8.452 

32 

FAST 

UQte.  CPD  = 

cycles  per 

degree.  ^This  test  controls 

the  type 

I  coiT^jarison  wise  error  rate,  not  the  experimentwise  rate. 
t^Means  with  the  same  letter  are  not  significantly  different. 
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Table  6 


Dependent  Variable :  VELOCITY 


Source 

DF 

Sum  of 
squares 

F-Value 

Pr  >  F 

Model 

3 

16556.89 

31.96 

0.0001 

Error 

124 

21414.94 

Corrected 

Total 

127 

37971.83 

Duncan's  Multiple  Range  Test^  for  variable:  Contrast 

Sensitivity 

Alpha  =  0.05 

DF  =  124  MSE  =  172.7011 

Nxmnber  of  Means  2 

3  4 

Critical  Range  6.527 

6.863  7.080 

Duncan 

grouping^ 

Mean 

contrast 

sensitivity 

N 

Velocity 

A 

38.152 

32 

STATIC 

B 

17.264 

32 

SLOW 

B  C 

10.950 

32 

MEDIUM 

C 

9.900 

32 

FAST 

Note.  CPD  =  cycles  per  degree.  ^This  test  controls  the  type 
I  corrparison  wise  error  rate,  not  the  experimentwise  rate, 
^eans  with  the  same  letter  are  not  significantly  different. 
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Table  7 


T^alvsis  of  Variance  Procedure  and  Multiple  Range  Test  of 
Contrast  Sensitivity  for  Vertical  Orientation  &  7  CPD 
Dependent  Variable :  VELOCITY 


Source 

DF 

Sum  of 
squares 

F-Value 

Pr  >  F 

Model 

3 

8533.12 

60.75 

0.0001 

Error 

124 

5806.08 

Corrected 

Total 

127 

14339.20 

Duncan's  Multiple  Range  Test^  for  variable:  Contrast 

Sensitivity 


Alpha  =0.05  DF 

=  124 

MSE  =  46.82326 

Number  of  Means 

2 

3  4 

Critical  Range 

3.398 

3.574  3.686 

Duncan 

grouping^ 

Mean 

contrast 

sensitivity 

N 

Velocity 

A 

28.641 

32 

STATIC 

B 

13.883 

32 

SLOW 

C 

9.897 

32 

MEDIUM 

C 

7.700 

32 

FAST 

Note.  CPD  =  cycles  per  degree.  ®This  test  controls  the  type 
I  coitparison  wise  error  rate,  not  the  experimentwise  rate. 
t>Means  with  the  same  letter  are  not  significantly  different. 
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Table  8 


Analysis  of  Variance  Procedure  and  Multiple  Range  Test  of 
Contrast  Sensitivity  jEor  Vertical  Orientation  @  10  CPD 
Dependent  Variable :  VELOCITY 


Sum  of 


Source 

DF 

squares 

F-Value  Pr  >  F 

Model 

3 

5421.82 

19.20  0.0001 

Error 

124 

11670.26 

Corrected 

Total 

127 

17092.08 

Duncan ' 

s  Multiple  Range  Test^  for  variable:  Contrast 

Sensitivity 

Alpha  =  0.05 

DF  =  124 

MSE  =  94.115 

Number  of  Means  2 

3  4 

Critical  Range  4.818 

5.066  5.226 

Duncan 

grouping^* 

Mean 

contrast 

sensitivity 

N 

Velocity 

A 

23.419 

32 

STATIC 

B 

10.456 

32 

SLOW 

B 

8.331 

32 

MEDIUM 

B 

7.13/ 

32 

FAST 

Note.  CPD  =  cycles  per  degree.  ^This  test  controls  the  type 
I  comparison  wise  error  rate,  not  the  experiment wise  rate. 
hearts  with  the  same  letter  are  not  significantly  different. 
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Table  9 


Analysis  of  Variance  Procedure  and  Multiple  Range  Test  of 
Contrast  Sensitivity  for  Vertical  Orientation  Q  15  CPD 
Dependent  Variable :  VELOCITY 


Sum  of 


Source 

DF 

squares 

F -Value 

Pr  >  F 

Model 

3 

1404.06 

25.96 

0.0001 

Error 

124 

2235.47 

Corrected 

Total 

127 

3639.53 

Duncan's  Multiple  Range  Test®  for  variable:  Contrast 

Sensitivity 

Alpha  =  0.05 

DF  =  124  MSE  =  18.02797 

Number  of  Means  2 

3  4 

Critical  Range  2.109 

2.217  2.287 

Duncan 

grouping^ 

Mean 

contrast 

sensitivity 

N 

Velocity 

A 

00 

32 

STATIC 

B 

.8 

32 

SLOW 

B  C 

3.575 

32 

MEDIUM 

C 

2.330 

32 

FAST 

Note.  CPD  =  cycles  per  degree.  ^This  test  controls  the  type 
I  coiiparison  wise  error  rate,  not  the  experimentwise  rate, 
^eans  with  the  same  letter  are  not  significantly  different. 
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Table  10 


Analysis  of  Variance  Procedure  and  Multiple  Range  Test  of 
Contrast  Sensitivity  for  Vertical  Orientation  0  20  CPD 
Dependent  Variable :  VELOCITY 


Source 

DF 

Sum  of 
squares 

F-Value 

Pr  >  F 

Model 

3 

502.66 

11.76 

0.0001 

Error 

Corrected 

Total 

124 

127 

1766.56 

2269.22 

Duncan's  Multiple  Range  Test^  for  variable:  Contrast 


Sensitivity 

Alpha  =  0.05 

DF 

=  124  MSE  =  14.24643 

Number  of  Means 

2 

3  4 

Critical  Range 

1.875 

1.971  2.033 

Duncan 

grouping^ 

Mean 

contrast 

sensitivity 

N 

Velocity 

A 

7.3671 

32 

STATIC 

B 

2.9904 

32 

FAST 

B 

2.8309 

32 

SLOW 

B 

2.5867 

32 

MEDIUM 

Note.  CPD  =  cycles  per  degree.  ®This  test  controls  the  type 
I  comparison  wise  error  rate,  not  the  experimentwise  rate. 
t>Means  with  the  same  letter  are  not  significantly  different. 
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Table  11 


Dependent  Variable :  VELOCITY 


Source 

DF 

Sum  of 
squares 

F-Value  Pr  >  F 

ffodel 

3 

62.40 

2.42  0.0689 

Error 

124 

1064.04 

Corrected 

Total 

127 

1126.44 

Duncan's 

Multiple  Range  Test^  for  variable:  Contrast 

Sensitivity 

Alpha  =  0 

.05  DF  =  124 

MSE  =  8.581 

Nximber  of 

Means  2 

3  4 

Critical  Range  1.455 

1.530  1.578 

Dvincan 

grouping^* 

Mean 

contrast 

sensitivity  N 

Velocity 

A 

5.7837 

32 

SLOW 

A  B 

4.9473 

32 

STATIC 

A  B 

4.8395 

32 

MEDIUM 

B 

3.8163 

32 

FAST 

Note.  CPD  =  cycles  per  degree.  ®This  test  controls  the  type 
I  conparison  wise  error  rate,  not  the  experimentwise  rate, 
^^eans  with  the  same  letter  are  not  significantly  different. 
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Table  12 


Dependent  Variable :  VELOCITY 


Source 

DF 

Sum  of 
squares 

F-Value 

Pr  >  F 

Model 

3 

1147.56 

6.40 

0.0005 

Error 

124 

7411.75 

Corrected 

Total 

127 

8559.31 

Dxoncan' 

s  Multiple  Range  Test^  for  variable;  Contrast 

Sensitivity 

Alpha  =  0.05 

DF  =  124  MSE  =  59.77222 

Number  of  Means  2 

3  4 

Critical  Range  3.840 

4.038  4.165 

Duncan 

grouping^ 

Mean 

contrast 

sensitivity 

N 

Velocity 

A 

14.886 

32 

STATIC 

A 

13.184 

32 

SLOW 

B 

8.739 

32 

MEDIUM 

B 

7.693 

32 

FAST 

Note.  CPD  =  cycles  per  degree.  ®This  test  controls  the  type 
I  coirparison  wise  error  rate,  not  the  experimentwise  rate, 
^eans  with  the  same  letter  are  not  significantly  different. 
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Table  13 


Analysis  of  Variance  Procedure  and  Multiple  Range  Test  of 
Contrast  Sensitivity  for  Qblicfue  Orientation  8  3  CPD 
Dependent  Variable ;  VELOCITY 


Sum  of 


Source 

DF 

Squares 

F-Value  Pr  >  F 

Model 

3 

5884.25 

30.30  0.0001 

Error 

124 

8026.27 

Corrected 

Total 

127 

13910.52 

Duncan's  Multiple  Range  Test^  for  variable:  Contrast 

Sensitivity 

Alpha  =  0.05 

DF  =  124  MSE  =  64.72797 

Number  of  Means  2 

3  4 

Critical  Range  3.996 

4.202  4.334 

Duncan 

grouping^ 

Mean 

contrast 

sensitivity 

N 

Velocity 

A 

23.919 

32 

STATIC 

B 

16.010 

32 

SLOW 

C 

8.646 

32 

MEDIUM 

C 

6.726 

32 

FAST 

Note.  CPD  = 

cycles  per  degree.  ^This  test  controls  the  type 

I  coirparison  wise  error  rate,  not  the  experimentwise  rate, 
^eans  with  the  same  letter  are  not  significantly  different. 
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Table  14 


?^alvsis 


of  Variance  Procedure  and  Multiple  Range  Test  of 


Contrast  Sensitivity  for  Oblique  Orientation  &  5  CPD 


Dependent  Variable :  VELOCITY 


Source 

DF 

Model 

3 

Error 

124 

Corrected 

Total 

127 

Sum  of 
squares 

11054.40 

16045.82 

27100.22 


F-Value 

28.48 


Pr  >  F 

0.0001 


Duncan ' s  Multiple  Range  Test^  for  variable :  Contrast 

Sensitivity 

Alpha  =0.05  DF  =  124  MSE  =  129.4018 
Number  of  Means  234 

Critical  Range  5.649  5.941  6.128 


Duncan 

grouping^ 

Mean 

contrast 

sensitivity 

N 

A 

30.985 

32 

B 

13.394 

32 

B  C 

11.072 

32 

C 

6.466 

32 

Note.  CPD  =  cycles  per  degree. 


Velocity 

STATIC 

SLOW 

MEDIUM 

FAST 

®This  test  controls  the  type 


I  coitparison  wise  error  rate,  not  the  experimentwise  rate, 
^eans  with  the  same  letter  are  not  significantly  different. 
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Table  15 


Dependent  Variable :  VELOCITY 

Sum  of 


Source 

DF 

squares 

F-Value 

Pr  >  F 

Model 

3 

4801.88 

36.90 

0.0001 

Error 

124 

5379.32 

Corrected 

Total 

127 

10181.20 

Duncan ' 

s  Multiple  Range  Test^  for  variable:  Contrast 

Sensitivity 

Alpha  =  0.05 

DF  =  124  MSE  =  43.38162 

Number  of  Means  2 

3  4 

Critical  Range  3.271 

3.440  3.548 

Duncan 

grouping^ 

Mean 

contrast 

sensitivity 

N 

Velocity 

A 

21.491 

32 

STATIC 

B 

11.264 

32 

SLOW 

C 

6.809 

32 

MEDIUM 

C 

6.191 

32 

FAST 

Note.  CPD  =  cycles  per  degree.  ®This  test  controls  the  type 
I  coiiparison  wise  error  rate,  not  the  experimentwise  rate, 
^eans  with  the  same  letter  are  not  significantly  different. 
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Table  16 


Dependent  Variable :  VELOCITY 


Source 

Model 

Error 

Corrected 

Total 


Sum  of 
squares 

2506.80 

3901.55 


6408.35 


F -Value 
26.56 


Pr  >  F 


0.0001 


Duncan's  Multiple  Range  Test^  for  variable:  Contrast 

Sensitivity 

Alpha  =0.05  DF  =  124  MSE  =  31.4641 
Number  of  Means  234 

Critical  Range  2.786  2.929  3.022 


Mean 

Duncan  contrast 

grouping^  sensitivity 

A  15.719 


Velocity 


STATIC 


9.398 


SLOW 


5.788 


MEDIUM 


4.214 


FAST 


Note.  CPD  =  cycles  per  degree.  ^This  test  controls  the  type 
I  comparison  wise  error  rate,  not  the  experimentwise  rate. 
^Means  with  the  same  letter  are  not  significantly  different. 
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Table  17 


Analysis  of  Variance  Procedure  and  Multiple  Range  Test  of 
Contrast  Sensitivity  for  Oblicfue  Orientation  Q  15  CPD 
Dependent  Variable :  VELOCITY 


Source 

DF 

Sum  of 
squares 

F-Value 

Pr  >  F 

Model 

3 

416.79 

21.64 

0.0001 

Error 

Corrected 

Total 

124 

127 

796.20 

1212.99 

Duncan's  Multiple  Range  Test^  for  variable:  Contrast 

Sensitivity 

Alpha  =0.05  DF  =  124  MSE  =  6.420968 


Duncan 

grouping 


A 

B 

B  C 
C 


Number  of  Means 


Critical  Range  1.258  1.323  1.365 


Mean 

contrast 

sensitivity 


6.1508 

5.3016 

5.1316 

4.4392 


N 

32 

32 

32 

32 


Velocity 

STATIC 

SLOW 

MEDIUM 

FAST 


Note.  CPD  =  cycles  per  degree.  ^This  test  controls  the  type 
I  comparison  wise  error  rate,  not  the  experimentwise  rate, 
^eans  with  the  same  letter  are  not  significantly  different. 
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Table  18 


Analysis  of  Variance  Procedure  and  Multiple  Range  Test  of 
Contrast  Sensitivity  for  Oblique  Orientation  Q  20  CPD 
Dependent  Variable :  VELOCITY 


Sum  of 


Source 

DF 

squares 

F-Value 

Pr  >  F 

Model 

3 

39.64 

13.96 

0.0001 

Error 

124 

117.38 

Corrected 

Total 

127 

157.02 

Duncan's  Multiple  Range  Test^  for  variable;  Contrast 

Sensitivity 

Alpha  =  0.05 

DF  =  124  MSE  =  0.946584 

Number  of  Means  2 

3  4 

Critical  Range  .4832 

.5081  .5241 

Duncan 

grouping 

Mean 

contrast 

sensitivity 

N 

Velocity 

A 

3.6233 

32 

STATIC 

B 

2.4766 

32 

SLOW 

B 

2.3041 

32 

MEDIUM 

B 

2.2718 

32 

FAST 

Note.  CPD  =  cycles  per  degree.  ^This  test  controls  the  type 
I  coirparison  wise  error  rate,  not  the  experiment  wise  rate, 
^eans  with  the  same  letter  are  not  significantly  different. 
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Fife.  '2:  Ubs-  rvcd  and  computed  threshold  values  of  all  subjects 
grouped  according  to  performance  level.  The  circles,  crosses,  and 
triangles  are  the  observed  values,  the  continuous  lines  are  graphs 
of  the  equation  I'=a+6.r*. 


Figure  1.  Ludvigh  and  Miller's  Data  Plots  for  the  Relationship  Between 
Visual  Acuity  and  Angular  Velocity.  Note .  From  "Study  of  Visual  Acuity 
druing  the  Ocular  Pursuit  of  Moving  Test  Objects.  I.  Introduction"  by  F 
Ludvigh  and  J.  W.  Miller,  1958,  Journal  af,  the  Optical  Society  a£. 
America.  P-  800. 
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CSF  for  Vertical  Orientation 


LL 


%  t 


with  differing  Velocities.  CSF  =  Contrast  sensitivity  function.  STATIC  =  0°/second.  SLOW 
22°/ second.  MEDIUM  =  30°/ second.  FAST  =  3 9°/ second.  STD  ERR  =  Standard  error. 
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with  differing  Velocities.  CSF  =  Contrast  sensitivity  function.  STATIC  =  0°/second.  SLOW 
22°/second.  MEDIUM  =  30°/second.  PAST  =  39°/second.  STD  ERR  =  Standard  error. 


FIGURE  5.  A  schematic  of  the  Portable  Dynamic  Contrast  Sensitivity 

Device  (PDCSD).  T  =  timer;  SC  =  shutter  controler;  P  =  projector; 

L  =  lens;  S  =  shutter;  NDF  =  neutral  density  filter;  VM  =  variable 
speed  motor;  MC  =  motor  controller;  MS  =  mounting  structure;  DB  = 
drive  belt;  FSM  =  front  surface  mirror;  RAP  =  right  angle  prism;  CW  = 
counter  weight;  GS  =  ground  glass  screen;  AP  =  adjustable  aperture; 

BC  =  black  cloth.  The  insert  shows  a  front  view  of  the  rotating  prism 
and  mirror. 
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SUBJECTS 


(32) 


ORIENTATION  V  (16)  0(16) 

/!\  //Vv 


GROUP  VEL  ORDER 
W  ST-SL-F-M 
X  SL-M  ST-F 
Y  M-F-SL-ST 
Z  F-ST-M-SL 


GROUP  CPD  ORDER 

A  1-2-20-3-15-5-10-7 


B  2-3-1-5-20-7-15-10 
C  3-5-2-7-1-10-20-15 
D  5-7-3-10-2-15-1-20 
E  7-10-5-15-3-20-2-1 
F  10-15-7-20-5-1-3-2 
G  15-20-10-1-7-2-5-3 
H  20-1-15-2-10-3-7-5 


W  X 


EF  GH  AB  CD 


Y  Z 


AD  EH  BC  FG 


FIGURE  6.  Row  Latin  Square  design  for  the  32  subjects. 
CPD  =  Cycles  per  degree. 
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CSF  for  Vertical  and  Oblique  Images 
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Contrast  Sensitivity  Decrement  from  the  Vertical  to  the 
Oblique  Orientation  as  a  Function  of  Spatial  Frequceny 


%  Decrease 


Spatial  Frequency  (CPD) 


Figure  8.  Contrast  Sensitivity  decrement  from  Vertical  to  Oblique 
Orientation  as  a  function  of  Spatial  Frequency.  CPD  =  Cycles  per 
degree.  VST-OST  =  Vertical  Static  vs  Oblique  Static  Velocity.  VSL-OSL 
=  Vertical  Slow  vs  Oblique  Slow  Velocity.  VME>-OMD  =  Vertical  Medium  vs 
Oblique  Medium  Velocity.  VFS-OFS  =  Vertical  Fast  vs  Oblique  Fast 
Velocity.  AVG  CHG  =  Average  %  change  between  the  Static,  Slow,  Medium, 
and  Fast  conditions. 
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Line  of  Best  Fit  for  %  Decrement  from  Vertical  to 
Oblique  Orientation 


%  Decrement 
in  the  CSF 


Spatial  Frequency  (CPD) 


Figure  9.  Line  of  Best  Fit  for  the  Decrement  in  Contrast  Sensitivity 
from  Vertical  to  Oblique  Orientation  as  a  Function  of  Spatial  Frequency. 
CSF  =  Contrast  sensitivity  function.  CPD  =  Cycles  per  degree.  AVG  CHG 
=  Average  %  change  in  the  CSF  between  Vertical  and  the  Oblique 
orientation.  REGRESS  =  Regression  line. 
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CSF  for  Vertical  Orientations 


differing  Velocities.  CSF  =  Contrast  sensitivity  function.  STATIC  =  0°/second.  SLOW  =  22®/secon( 
MEDIUM  =  30°/ second.  FAST  =  3 9°/ second.  STD  ERR  =  Standard  error. 


CSF  for  Oblique  Orientations 


:DIUM  =  30°/second.  FAST  =  39°/second.  STD  ERR  =  Standard 


CSF  for  Vertical  and  Oblique  Images 
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Oblique  @  O^/second.  OBQSL  =  Oblique  0  22°/second.  OBQMD  =  Oblique  0  30°/second.  OBQFS  =  Oblique 
3 9°/ second. 


Contrast  Sensitivity  Decrement  (Vertical 
Orientation)  as  a  Function  of  Spatial  Frequency 


Figure  13.  Percentage  Decrease  in  the  Contrast  Sensitivity  Function 
(Vertical  Orientation)  as  a  function  of  Spatial  Frequency  with  changes 
in  Velocities.  ST-SL  =  Static  vs  Slow  Velocity.  ST-MD  =  Static  vs 
Medium  Velocity.  ST-FS  =  Static  vs  Fast  Velocity. 
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Contrast  Sensitivity  Decrement  (Oblique  Orientation) 
as  a  Function  of  Spatial  Frequency 

80 
60 
40 

%  Decrease 

20 
0 

-20 

Spatial  Frequency  (CPD) 

ST-SL  -O’  ST-MD  ST-FS 


Figure  14.  Percentage  Decrease  in  the  Contrast  Sensitivity  Function 
(Oblique  Orientation)  as  a  function  of  Spatial  Frequency  with  changes  in 
Velocities.  ST-SL  =  Static  vs  Slow  Velocity.  ST-MD  =  Static  vs  Medium 
Velocity.  ST-FS  =  Static  vs  Fast  Velocity.  Negative  values  represent 
increases  in  the  CSF. 
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Contrast  Sensitivity  Change  (Static  to  Slow)  as  a 
Function  of  Spatial  Frequency 

80 
60 
40 

%  Decrease 

20 
0 

-20 


Spatial  Frequency  (CPD) 


Figure  15.  Change  in  Contrast  Sensitivity  (Static  to  Slow  Conditions) 
as  a  Function  of  Spatial  Frequency  with  differing  Orientations.  VST-VSL 
=  Vertical  Static  to  Vertical  Slow  condition.  OST-OSL  =  Oblique  Static 
to  Oblique  Slow  condition.  Negative  values  represent  increases  in  the 
CSF. 
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Contrast  Sensitivity  Change  (Static  to  Medium)  as  a 
Function  of  Spatial  Frequency 
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H  VST-VMD  □  OST-OMD 


7  10  15  20 


Figure  16.  Change  in  Contrast  Sensitivity  (Static  to  Medium  Conditions) 
as  a  Function  of  Spatial  Frequency  with  differing  Orientations.  VST-VMD 
=  Vertical  Static  to  Vertical  Medium  condition.  OST-OMD  =  Oblique 
Static  to  Oblique  Medium  condition. 
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Contrast  Sensitivity  Change  (Static  to  Fast)  as  a 
Function  of  Spatial  Frequency 


%  Decrease 


Spatial  Frequency  (CPD) 


B  VST- VPS  O  OST-OFS 


Figure  17.  Change  in  Contrast  Sensitivity  (from  Static  to  Fast 
Conditions)  as  a  Function  of  Spatial  Frequency  with  differing 
Orientations.  VST-VFS  =  Vertical  Static  to  Vertical  Fast  condition. 
OST-OFS  =  Oblique  Static  to  Oblique  Fast  condition. 


91 


Vita 


Craig  A.  Croxton 


Born: 

Marital  Status: 
Business  Address: 

Home  Address: 

Home  Phone: 


September  23,  1961 

Married,  two  children 

Departn^t  of  Psychology 

Virginia  Polytechnic  Institute  and  State 

University 

217  Pheasant  Run  Drive 
Blacksburg,  VA  24060 

703-951-3244 


EDUCATION 

B.S.  United  States  Air  Force  Acaderry 

Major  Field  of  Stu(^:  Behavioral  Science 

M.S.  Virginia  Polytechnic  Institute  &  State  University 

Major  Field  of  Stud^:  Experimental  Psychology 


[■  AND  PROFESSIONAL  EDUCATION 


1979-1983: 


1983: 


1983: 


Cadet,  United  States  Air  Force  Academy, 
Colorado  Springs,  CO 

Free-fall  Parachuting, 

USAF  Acaderty,  CO 

Commissioned  in  the  U.S.  Air  Force 


1983- 1984:  Undergraduate  Navigator  Training, 

Mather  AFB,  CA 

Electronic  Warfare  Officer  Training, 

Mather  AFB,  CA 

1984- 1985:  F-4D  Flying  Training  School, 

Homestead  AFB,  FL 

1985- 1986:  Advanced  Wild  Weasel,  F-4G  Flying  Training 

School , 


92 


George  AFB,  CA 


1987: 

Instructor  Course,  Advanced  Wild  Weasel,  F-4G 
Flying  Training  School, 

George  AFB,  CA 

1988: 

Senior  Officer  School, 

Maxwell  AFB,  AL 

1987-1990: 

Instructor,  F-4G  Wild  Weasel, 

George  AFB,  CA 

1990-1991: 

Instructor,  F-4G  Wild  Weasel, 

Clark  AB,  Republic  of  the  Philippines 

1991: 

3rd  Tactical  Fighter  Wing  Electronic  Warfare 
Officer, 

Clark  AB,  Republic  of  the  Philippines 

1991-1992 

Instructor,  F-4G  Wild  Weasel, 

George  AFB,  CA 

1992-1994 

Graduate  School,  Virginia  Polytechnic 
Institute  &  State  University, 

Blacksburg,  VA 

HONORS  AND  AWARDS 


Aerial  Achievement  Medal  w/two  devices 
Air  Force  Commendation  Medal  w/two  devices 
Air  Force  Achievement  Medal 

Air  Force  Outstanding  Unit  Award  w/two  devices 
Combat  Readiness  Medal  w/one  device 
National  Defense  Service  Medal 
Southwest  Asia  Service  Medal  w/one  device 
Air  Force  Overseas  Long  Tour  Ribbon 

Air  Force  Longevity  Service  Award  Ribbon  w/two  devices 
Small  Arms  Ebqjert  Marksmanship  Ribbon  w/one  device 
Air  Force  Training  Ribbon 


93 


Croxton,  C.  A.  (1990,  May) .  iid  Tactical  Fighter  Wing 

Weapons  and  Tastics  Test  ( Secret ) >  3rd  Tactical  Fighter, 
Clark  Air  Base,  Republic  of  the  Philippines. 


Member: 


Association  of  Graduates,  U.S.  Air  Force 
Academy 


THE  EFFECTS  OF  TARGET  ORIENTATION  ON  THE  DYNAMIC  CONTRAST 


* 


SENSITIVITY  FUNCTION 


by 


Craig  A.  Croxton 

Captain,  United  States  Air  Force 
1994 

94  pages 


MASTER  OF  SCIENCE 
in 

Psychology 

at 

Virginia  Polyteclinic  Institute  and  State  University 


THE  EFFECTS  OF  TARGET  ORIENTATION  ON  THE 
DYNAMIC  CONTRAST  SENSITIVITY  FUNCTION 

ty 

Craig  A.  Croxton 

Chairman:  Albert  M.  Prestrude,  Department  of  Psychology 

(ABSTRACT) 

Much  research  has  been  accoitplished  on  the  effects  of 
target  motion  on  visual  acuity.  Research  has  also  been 
acconplished  on  the  effects  of  target  orientation  on  visual 
acuity.  The  contrast  sensitivity  function  (CSF)  also  has 
been  studied  as  a  predictor  of  visual  performance  under 
dynamic  conditions.  However,  no  previous  studies  have 
combined  these  areas  of  research  and  examined  the  effect  of 
target  orientation  on  the  (Dynamic  Contrast  Sensitivity 
Function  (DCSF) . 

This  stuc^  examined  the  effects  of  target  orientation  on 
the  DCSF  and  found  that  diagonal  lines  (relative  to  vertical 
lines)  decreased  the  DCSF,  on  average  over  19%.  Previous 
research  indicated  that  target  motion  reduces  contrast 
sensitivity,  and  at  the  same  time  shifts  the  peak  of  the  CSF 
toward  lower  spatial  frequencies.  This  study  rotated  the 
target  in  a  circular  path  (velocities  of  22t>,  30°,  and 
390/second)  and  found  a  similar  decrement  and  shift  in  the 
CSF. 

The  main  effects  for  Target  Orientation,  Velocity,  and 
Spatial  Frequency  and  their  two-way  interactions  were  all 
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statistically  significant  (p  ^  .05) .  Additionally,  all 
velocity  conditions  were  foiand  to  be  statistically  different 
from  each  other.  These  results  advance  the  validity  of  our 
measurement  device  and  procedures. 

The  effect  of  target  orientation  presumably  is  a 
function  of  the  magnocellular  and  parvocellular  visual 
pathway  systems  and  their  roles  in  the  detection  of  form  and 
motion.  While  the  magnocellular  system  is  primarily 
responsible  for  detection  of  motion  and  large  objects,  the 
parvocellular  system  is  responsible  for  the  detection  of 
color  and  fine  detail. 


3 


REFERENCES 


Adams,  W.  F.  (1992) .  The  effects  af.  target  vibration  on  the 
human  contrast  sensitivity  function.  Unpublished 
master's  thesis,  Virginia  Polytechnic  Institute  and 
State  University,  Blacksburg. 

Annis,  R.  C.,  &  Frost,  B.  (1973).  Human  visual  ecology  and 
orientation  anisotropies  in  acuity.  Science.  182 .  729 
731. 

Appelle,  S.  (1972)  .  Perception  and  discrimination  as  a 

function  of  stimulus  orientation:  The  "oblique  effect" 
in  man  and  animals.  Psychological  Bulletin.  IS,  4,  266- 
278. 

Atkin,  A.  (1969)  .  Shifting  fixation  to  another  pursuit 

target:  selective  and  anticipatory  control  of  ocular 
pursuit  initiation.  Experimental  Neurology .  23 .  157- 
173. 

Benson,  A.  J.,  &  Barnes,  G.  R.  (1978).  Vision  during  angular 
oscillation:  The  c^niamic  interaction  of  visual  and 
vestibular  mechanisms.  Aviation.  Space  EnYirgnmental 
Medicine.  340-345. 

Braddick,  0.  J.,  Wattam-Bell,  J.,  &  Atkinson,  J.  (1986). 
liatiUZe,  617-619. 

Brown,  B.  (1972a)  .  Dynamic  visual  acuity,  eye  movements  and 
peripheral  acuity  for  moving  targets.  Vision  Research. 
12,  305-321. 


4 


Brown,  B.  (1972b) .  The  effect  of  target  contrast  variation 
on  (^mamic  visual  acuity  and  eye  movements.  Vision 
Research.  12.,  1213-1224. 

Brown,  B.  (1972c)  .  Resolution  of  thresholds  for  moving 
targets  at  the  fovea  and  in  the  peripheral  retina. 

Vision  Research.  12,  293-304. 

Burg,  A.  (1966) .  Visual  acuity  as  measured  by  dynamic  and 
static  tests:  A  conparative  evaluation.  Journal  oi. 
Applied  Psychology.  460-466. 

Burg,  A.  (1971) .  Vision  and  driving:  A  report  on  research. 
Human  Factors .  13 .  79-87. 

Cairpbell,  F.  W. ,  Kulikowski,  J.  J.,  &  Levinson,  J.  (1966). 

The  effect  of  orientation  on  the  visual  resolution  of 
gratings.  Journal  PhyS.io.lQflY./  ISl,  427-436. 

Campbell,  F.  W.,  &  Maffei,  L.  (1974).  Contrast  and  spatial 
frequency.  Scientific  American.  231(5) .  106-114. 
Campbell,  F.  W.,  &  Robson,  J.  G.  (1968).  Application  of 

Fourier  analysis  to  the  visibility  of  gratings.  Journal 
of  Physiology.  197.  551-566. 

Committee  on  Vision.  (1985)  .  Emergent  techniques  lot 

assessment  of  visual  performance .  (Navy  Contract  No. 
N0014-80-C-0159)  .  Washington,  DC:  National  Research 
Council . 

Crawford,  W.  A.  (1960).  The  perception  of  moving  objects. 

I.  Ability  and  visual  acuity.  Memo  150(a). 

Farnborough,  England:  RAF  Flying  Personnel  Research 
Committee. 


5 


DeKlerk,  L.  F.,  Eernst,  J.,  &  Hoogerheide,  J.  (1964).  The 

dynamic  visual  acuity  of  30  selected  pilots.  Aeromedica 
Acta.  1,  129-136. 

D6nes,  J.,  &  Koedwell,  A.  D.  (1974).  Latin  squares  and  their 
application.  New  York:  Academic  Press. 

Dobson,  V.,  &  Teller,  D.  Y.  (1978).  Visual  acuity  in  human 
infants:  A  review  and  comparison  of  behavioral  and 
electrophysiological  studies.  Vision  Research.  18. 
1469-1483. 

Falkowitz,  C.,  &  Mendel,  H.  (1977).  The  role  of  visual 

skills  in  batting  averages.  Qptometric  Weekly.  42- 
57. 

Ginsburg,  A.  P.,  Easterly,  J.,  &  Evans,  D.  W.  (1983). 

Contrast  sensitivity  predicts  target  detection  field 
performance  of  pilots.  Pjroceedings  qI  Huniafl  EactQES 
Society.  27th  Annual  Meeting.  269-273. 

Ginsburg,  A.  P.,  Evans,  D.  W. ,  Sekuler,  R.,  &  Harp,  S.  A. 
(1982).  Contrast  sensitivity  predicts  pilot's 
performance  in  aircraft  simulators.  American  Journal 
Optometry  Physiological  Optics.  105-108. 

Hoehn,  M.  M.,  &  Yahr,  M.  D.  (1967).  Parkinsonism:  onset, 
progression,  and  mortality.  Neurology .  12,  427-442. 

Hoffman,  L.  G.,  Rouse,  M.,  &  i^an,  J.  B.  (1981).  Dynamic 
visual  acuity:  a  review.  Journal  of  the  American 
Qptometric  Association.  52.  883-887. 

Hubei,  D.  H.,  &  Wiesel,  T.  N.  (1962).  Receptive  fields, 

binocular  interaction  and  functional  architecture  in  the 


6 


I 


cat's  visual  cortex.  Journal  Physiology.  160.  106- 
154. 

Hutton,  J.  T.,  Morris,  J.  L.,  Elias,  J.  W. ,  Varma,  R.,  & 

Poston,  J.  N.  (1991) .  Spatial  contrast  sensitivity  is 
reduced  in  bilateral  Parkinson's  disease.  Neurology . 
1200-1202. 

Kandel,  E.  R.  (1991) .  Perception  of  motion  depth  and  form. 

In  E.  R.  Kandel,  J.  H.  Schwartz,  &  T.  M.  Jessell  (Eds.), 
Principles  ^  neural  science  (3rd  ed. ,  pp.  440-466) . 

New  York:  Elsevier. 

Leehey,  S.  C.,  Moskowitz-Cook,  A.,  Brill,  S.,  &  Held,  R. 

(1975) .  Orientational  anisotropy  in  infant  vision. 
Science.  190.  900-902. 

Long,  G.  M.,  &  Homolka  (1992).  Contrast  sensitivity  during 
horizontal  visual  pursuit:  Dynamic  sensitivity 
fxinctions.  Perception.  753-764. 

Long,  G.  M.,  &  Penn,  D.  L.  (1987).  Dynamic  visual  acuity: 
Normative  functions  and  practical  implications. 

Bulletin  of.  LhS.  Psvchonomic  Society.  253-256. 

Ludvigh,  E.  J.,  &  Miller,  J.  W.  (1958).  Stuc^  of  visual 

acuity  during  the  ocular  pursuit  of  moving  test  objects. 
I.  Introduction.  Journal  Optical  Society  ^ 

America,  la,  799-802. 

Miller,  J.  W.  (1958) .  Stuc^  of  visual  acuity  during  the 

ocular  pursuit  of  moving  test  objects.  II.  Effects  of 


7 


I 


direction  of  movement,  relative  movement,  and 
illumination.  Journal  oL  Lhs,  Optical  SPcietY  oL 
America/  803-8O8. 

Miller,  J.  W.,  &  Ludvigh,  E.  J.  (1962).  The  effect  of 
relative  motion  on  visual  acuity.  Survey  of 
Ophthalmology.  2,  83-115. 

Morrison,  T.  R.  (1980) .  A  review  of  dynamic  visual  acuity. 
NAMRL  Monograph-28.  Pensacola,  FL:  Naval  Aerospace 
Medical  Research  Laboratory. 

Olesko,  B.  M.  (1992)  .  Dynamic  contrast  sensitivity:  Methods 
and  measurements .  Unpublished  master's  thesis,  Virginia 
Polytechnic  Institute  and  State  Ur ‘ ■"^ersity,  Blacksburg. 

Prestrude,  A.  M.  (1987)  .  Dynamic  visual  acuity  in  the 
selection  of  the  aviator.  In  R.  Jensen  (Ed.), 
Proceedings  q£.  iho.  Fourth  intematicnal  SYmposium  PH 
Aviation  Psychology .  Columbus,  OH:  Ohio  State 
University  Press. 

Prestrude,  A.  M.,  &  Olesko,  B.  (1991).  Dynamic  contrast 
sensitivity.  In  R.  Jensen  (Ed.),  Proceedings  at  the 
Sixth  International  Symposium  au  AviatiPB  gSY.ChcIPiaY..  1/ 
595-600.  Columbus,  OH:  Ohio  State  University  Press. 

Reading,  V.  M.  (1972a) .  Visual  resolution  as  measured  by 

c^namic  and  static  tests.  Pf lugers  Archives .  333 .  17- 
26. 

Reading,  V.  M.  (1972b) .  Visual  resolution  as  measured  by 

c^Tiamic  and  static  tests.  Pf lugers  Archives .  333 .  27- 
34. 


8 


n 


Riggs,  L.  A.  (1965).  Visual  acuity.  In  C.  H.  Graham  (Ed.), 
yiaiQQ  and  visual  perception  (pp.  321-349) .  New  York: 
John  Wiley  &  Sons. 

Sanderson,  F.  H.,  &  Whiting,  H.  T.  A.  (1974).  Dynamic  visual 
acuity  and  performance  in  a  catching  task.  Journal  of 
Motor  Behavior/  87-94. 

Scialfa,  C.  T.,  Garvey,  P.  M.,  Gish,  K.  W.,  Deerir  ' .  M. , 
Leibowitz,  H.  W.,  &  Goebel,  C.  (1988).  Relai:  hips 

among  measures  of  static  and  c^mamic  visual  sensitivity. 
Human  Factors .  677-687. 

Sokol,  S.,  Moskowitz,  A.,  &  Hansen,  V.  (1987). 

Electrophysiological  evidence  for  the  oblique  effect  in 
human  infants.  Investigative  Ophthalmology  &  Visual 
SgisnS£>  2SL,  731-735. 

Thibos,  L.  N.,  Walsh,  D.  J.,  &  Cheney,  F.  E.  1987.  Vision 
beyond  the  resolution  limit:  aliasing  in  the  periphery. 
Vision  Research/  2J-.  2193-2197. 

Weissman,  S.,  &  Freeburne,  C.  M.  (1965).  Relationship 

between  static  and  dynamic  visual  acuity.  Journal  oi. 
Experimental  Psychology.  JSl,  141-146. 

Westheimer,  G.  (1954) .  Eye  movement  responses  to  a 

horizontally  moving  visual  stimulus.  Archives  of 
Ophthalmology.  52.,  932-941. 


9 


